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The evolutionary use of digital technologies in fashion, textile, and costume design 
has led to significant changes in the appearances, processes, and pedagogies of the three 
related, yet distinct, disciplines. As multiple technologies permeate the fashion and textile 
industries and find their place in the costume industry, the need to educate students in the 
current and future methods and techniques will always be a necessity (Britt & Shaw, 2015). 
This study outlines the advantages of using digital textile printing (DTP) in 
costume/theatrical fashion design practice and promotes the integration of digital textile 
design (DTD) and DTP methods in costume design and production education.  
The study was conducted in three phases; in Phase I the use of DTP for costumes and 
theatrical fashion was investigated, in Phase II costume educators were interviewed to 
understand the perception and use of DTP in costume programs in post-secondary 
institutions, and in Phase III costume examples were created and evaluated by the 
researcher/designer. During this study, a taxonomy of DTP attributes was developed and 
models were proposed to integrate DTD and DTP in costume design and production 
processes. 
The taxonomy that illustrated the aesthetic and functional attributes of DTP was 
developed during Phase I and Phase II of this study. Special consideration was given to 
differentiate those attributes possible only with the advent of DTP technologies. The 
taxonomy led the design direction and execution of the costume examples as experience 
prototypes (EPs) in Phase III, to ensure that both the costume artifact and the costume 
process could be documented, evaluated, and communicated. 
xvii 
 
Boehm’s (1988) Spiral Model was applied to three EP series resulting in a build of 
sixteen costume artifacts across nine experience prototypes. The iterative nature of the Spiral 
Model allowed the researcher/designer to spiral back and forth within the EPs’ design 
process and across the series to constantly reflect on finding alternative solutions for DTD 
and DTP. 
DTP has many capabilities that make it ideal for the costume industry including the 
ability to print on-demand and in smaller quantities (Carden, 2016), to recreate vintage 
patterns in endless colorways, to engineer prints within garment pattern pieces, and to give 
the illusion of embellishments and distressing (Bowles & Isaac, 2012). However not all 
costume shops or theatres have access to the hardware and equipment required for DTP 
(Darragh, 2011), thus jeopardizing the acceptance of DTP. In order for a technology, such as 
DTP, to be more widely accepted, it must be perceived as having greater relative advantage 
(Rogers, 2003) and easy to use (Dillion & Morris, 1996).  
As a result of this dissertation, two models were proposed to utilize DTD and DTP at 
various levels of technological integration within established costume design and costume 
production processes. The EPs from Phase III, as well as a series of written and video 
documentation about each EP process, served as examples for educators. The alternative 
methods to accessing the technology, the presentation of explicit and tacit digital knowledge, 
and the demonstration of the aesthetic DTP attributes expressed in this study, offer 
justification for the relative advantage and ease of use of DTP. It is hoped that this research 
contributes to the larger disciplines of fashion and textile as well as costume, and suggests 
stronger connections between the disciplines could afford venues for accessing digital 
technologies and for advancing digital skills. 
 1 
CHAPTER 1. INTRODUCTION 
Background 
The evolutionary use of digital technologies in fashion, textile, and costume design 
has led to significant changes in the appearances, processes, and pedagogies of the three 
related, yet distinct, disciplines. “Technological change is more than just procedural – it 
requires or prompts conceptual shifts” (Joseph, Fraser, & Cie, 2010, p. 4). Not only are 
digital textile printing (DTP), three-dimensional (3D) printing, computer-aided design 
(CAD), laser cutting, and wearable electronics changing the execution of "making," but they 
are changing the intentions of making, which is equally important (Polston, 2011; Quinn, 
2012). As new technologies are introduced into a discipline, the initial focus is on adapting 
that technology into an already prescribed way of doing - in other words, replacing one 
traditional step with a digital method (Parsons & Campbell, 2004). In a traditional textile 
print method, such as screen-printing, the designer is limited to the colors and repeat size the 
screen set up allows. With digital technologies, the same color reduced design can be 
imported into the computer and printed digitally to achieve the same aesthetic result (Carden, 
2016). Merely replacing the traditional step of using screens to print on the textile allows the 
technology to be integrated as a substitute method, although it may not yet realize the 
capabilities of DTP. However, DTP has conceptual possibilities that reach far beyond the 
technical. DTP has a virtually unlimited color choice and repeat size is no longer determined 
by set screen size thus allowing for vastly alternative aesthetic decisions (Bowles & Isaac, 
2012; Carden, 2016).   
DTP has many capabilities that make it ideal for the costume industry. The ability to 
print on-demand and in smaller quantities (Carden, 2016) works with the often-tight 
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timelines and the individual costume textile needs (Anderson & Anderson, 1999). 
Traditionally, costume designers spend a great deal of time sourcing appropriate textiles and 
costume shops dyeing, painting, embellishing, and distressing textiles to manipulate the 
sourced textiles (Cunningham, 1989). With DTP, it is possible to digitally design textiles to 
recreate vintage patterns in endless colorways, to engineer prints within garment pattern 
pieces, and to give the illusion of embellishments and distressing (Bowles & Isaac, 2012), 
however not all costume shops or theatres have access to the equipment required for DTP 
(Darragh, 2011). For this reason, online DTP service companies have capitalized on theatres' 
limitations to integrate digital printing into costume shops. Companies, such as Hatley in the 
United Kingdom and Dynamics in New York City, are promoting their services specifically 
for costume and theatrical fashion for the stage and film.  
Costume shops in theatres and universities are now able to accept these technologies 
into their current processes using off-the-shelf software, alternative patternmaking 
techniques, lower tech digital textile design (DTD) processes, and DTP services (Plummer & 
Sanders, 2016). Plummer and Sanders (2016) utilized Adobe Photoshop and Illustrator, half-
scale patternmaking techniques, a computer scanner, and the service of a digital apparel and 
textile lab in a university setting to test out alternative methods for creating theatrical fashion 
designs incorporating DTD. These methods focused on engineered digital textile prints that 
strategically place the print design within the garment pattern pieces (Plummer & Sanders, 
2016). However, these methods can be adapted to repeat digital textile prints that utilize a 
surface design tile that is put into repeat. Online DTP service companies, such as 
Spoonflower, primarily promote printing repeat designs and are marketed towards crafters 
and freelance textile surface designers (Polston, Parillo-Chapman, & Moore, 2014). 
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Costume design uses both repeat and engineered textile prints in the production of 
costumes and would have multiple DTP service options providing access to these 
technologies (Darragh, 2011). For a technology, such as DTP, to be more widely accepted by 
the costume designers and educators, it must be perceived as useful and easy to use (Dillon & 
Morris, 1996). Therefore, it is important to investigate not only the tools of the technology, 
but also the effects of using the technology and the experience of using the technology. 
For the present study, the researcher/designer investigated the use of DTP for 
costume/ theatrical fashion design to understand why the technology is used and to gain 
insight as to how the technology is accessed. During the first part of this study, a trend 
analysis of costume and theatrical fashion images gathered from online DTP service 
company websites that promote their DTP services for theatre, film, and fashion, was 
conducted. The trend analysis revealed aesthetic and functional DTP design direction 
collaborations between online DTP service companies and costume and theatrical fashion 
designers. 
During the trend analysis, a trend analysis instrument used for identifying attributes 
for DTP use was established and the leading attributes directed a section of interview 
questions. The results from the trend analysis and the interviews lead the 
researcher/designer's experience prototyping (EPing). EPing is a form of prototyping that 
builds on the idea of prototypes as a representation of a design that has been created to 
inform design decisions and processes. Through EPing a designer actively engages with the 
prototype to gain an appreciation of existing or future conditions. 
Boehm's (1988) Spiral Model was applied to the experience prototype process and its 
iterative nature assessed each step in the experience associated with each prototype. Design 
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briefs for each prototype were based on the analysis of DTP trends and the emerging themes 
grounded in the interview data analysis. Technology Acceptance Model (TAM) (Davis, 
1989) and Rogers’ (2003) Diffusion of Innovation Theory guided the experience prototype 
analysis as well as a section of the interviews to assess what digital technologies are accepted 
or rejected and to gain an understanding of the perceived values of these technologies. The 
remaining sections of the interview questions explored interdisciplinary methods, use of 
makerspaces/innovation labs, and crossover designing in the academic environment.   
Crossover designing can be used to describe a designer that moves from or within the 
disciplines of fashion, costume, or textile design. Crossover designers can also migrate back 
and forth between the creative (design) and technical (production) sides of fashion, costume, 
and textiles. The expanding use of digital technologies, especially digital textile design 
within the fashion industry, has led to closer relationships between the designer, pattern 
cutter/maker, and surface designer (Almond, 2016). Digital textile design is blurring the 
division between designer and technician, while changing the design process sequence 
(Bowles and Isaac, 2012). In the costume industry, the established integrated processes of 
designer, draper, and craft technician have embraced many digital technologies already used 
by the fashion and textile industries, such as the use of CAD for costume illustration, 
research and conceptual presentations, and collaborative work (Keeley, 2010). Other fashion 
technologies, such as DTP, laser cutting, and 3D printing are gaining popularity in the 
costume industry. 
In the area of post-secondary costume design education, there is limited access to 
many of the technologies currently used in the costume industry (Muscha, 2014). It is 
imperative that educational programs prepare designers with the creative and technical skills 
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required as future professionals. This research proposes the growth of digital technologies, 
specifically DTD and DTP in costume practice will lead to the need to educate future 
practitioners by integrating these processes into current costume design and production 
programs. As universities continue to introduce makerspaces and promote interdisciplinary 
learning, there are untapped possibilities for costume programs to access technologies not 
housed within their department (Kohtala, 2013). Barrett, Pizzico, Levy, and Nagel (2015) 
conducted a review of university makerspaces and found thirty-five colleges and universities 
of the top 127 undergraduate engineering institutions as ranked by the 2014 US News & 
World Report had identifiable makerspaces. The culture of university makerspaces is 
inherently interdisciplinary; many disciplines are working together in a shared space often on 
collaborative projects (Wilczynski, 2015).  
There is significant scope to the development of costume design and production 
pedagogical directions that promote accessing multiple technologies through opportunities 
provided by universities and public services. This study posits that if DTP is perceived as 
useful in costume design and production and the resulting model to integrate DTP 
technologies in costume education is regarded as easy to use then it is probable that DTP will 
be accepted (Davis, 1989). 
Purpose 
The purpose of this study was to investigate the use of online DTP service companies 
in costume/theatrical fashion practice, to examine the impact of DTP on costume design and 
production education in post-secondary programs, and to provide models to integrate DTD 
and DTP for educators. Through trend analysis, the DTP attributes in costume/theatrical 
fashion designs as promoted by online DTP service companies, were examined. Through 
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interviews of costume design and production educators at post-secondary institutions, the 
application and perception of digital technologies, specifically DTP in costume design and 
production education were investigated. Based on the results from the trend analysis and the 
interviews, a taxonomy for DTP attributes was generated and provided direction of the EP 
series. Through EPing, models for integrating DTD and DTP were developed and the 
taxonomy was tested.  
Significance 
At a time when digital integration in artistic disciplines seems inevitable, it is 
necessary to find ways for educator/practitioners to continue to mentor emerging artists for 
our disciplines. Helena Britt and Allen Shaw (2015), educators from the Glasgow School of 
Art, discuss the importance of transitioning between industry and education with DTP (Britt 
& Shaw, 2015). As multiple technologies permeate the fashion and textile industries and find 
their place in the costume industry, the need to educate our students in the current and future 
methods and techniques will always be a necessity (Britt & Shaw, 2015). The challenge with 
the costume design and production education is the acceptance level of digital technologies 
ranges from none to all, and its use ranges from procedural changes to conceptual changes. 
According to innovation diffusion and technology acceptance theorists, the acceptance and 
growth of digital technologies in industry and education are dependent on characteristics 
such as perceived usefulness, accessibility, ease of use, and clear gains in outputs (Dillon & 
Morris, 1996; Rogers, 2003). As technological software and hardware continue to become 
more accessible through venues such as makerspaces and digital services, and knowledge 
and ease of use of the technology continue to become more apparent, these innovations 
should continue to grow in acceptance. 
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 Not only do educators need to prepare students with training for emerging 
technologies; they also need to justify their discipline within a changing academic 
environment (Zazzali & Klein, 2015). Higher education is in the middle of a paradigm shift. 
Zazzali and Klein (2015) point out the primary challenge with the theatre curricula is 
rethinking how to identify student success as "Politically conservative, and market-driven 
pressures are now holding universities accountable for delivering a more cost-effective 
education that provides students an adequate return on their investment" (p.261). They 
suggest that, for theatre education to last, students need to be "collaborative creators and 
innovative entrepreneurs" (Zazzali & Klein, 2015, p.271), as well as talented artists. By 
adopting costume design and production processes that utilize collaboration, technological 
innovation, and design thinking, costume design and production students would be more 
marketable in the industry. 
This dissertation research outlines the advantages of using DTD in costume and 
theatrical fashion design practice and promotes the acceptance of DTP methods in current 
costume design and production programs. The practical applications of DTP using various 
levels of technological integration provide a range of low tech to high tech options for 
multiple types of academic programs. By proposing new design directions and alternative 
approaches to accessing digital technologies in the industry, this research could also assist the 
costume/ theatrical fashion practitioners.  
Research Questions 
The overarching research question asks how digital technologies are changing the 
process, product, and pedagogy in costume/theatrical fashion design and production. The 
following research questions were developed to guide this specific study: 
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1. How are online DTP service companies used by the costume/ theatrical fashion 
industry? 
2. How is DTP currently used in costume design and production post-secondary 
education? 
a. What are the perceptions of DTP in costume design and production post-
secondary education? 
b. How are costume design and production programs educating students to 
prepare them to utilize emerging digital technologies, including DTP? 
3. What new costume design and production process models can be developed through 
the creation of a series of EPs to test the DTP use in costumes and provide examples 
for academics in costume design and production? 
Objectives 
The goals of these research questions were to: 
1. Learn what online DTP service companies are communicating on their websites. 
2. Investigate the reasons, benefits, and limitations of using DTP in the costume/ 
theatrical fashion industry. 
3. Analyze the use and perception of DTP in costume design and production education 
in post-secondary institutions. 
4. Present a current pedagogical perspective of how costume design and production 
programs are integrating digital textile design and printing. 
5. Create a taxonomy of DTP use for costumes/ theatrical fashions with information 
gained from answering RQ1 and RQ2. 
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6. Create a series of nine EPs to test the taxonomy and provide examples for educators. 
7. Adapt existing design process models to accommodate designing digital textile prints 
in costume design and production. 
8. Suggest approaches for theatrical fashion/ costume DTD directions and provide 




During the research/design processes, the following assumptions were made: 
1. DTP services offer a variety of printing capabilities, technological support, fabrics, 
and services. DTP services provide up-to-date and accurate information in their 
examples, testimonials, and tutorials. 
2. The costume design and productions educators selected for interviews are also 
practitioners and/or costume researchers. They may design costumes inside and/or 
outside the educational institution, and/or participate in costume creative scholarship 
3. The costume design and productions educators selected for interviews may or may 
not have connections with the makerspace/innovation lab and/or that fashion or 
textile department. 
4. The series of EPs effectively express the determined digital textile print attributes and 
are documented so that other designers can recreate the process. 
5.   The design process models to integrate DTP into costume design and production 
education represent distinct levels of technological skill and equipment access and are 
adaptable for use by a variety of costume programs.  
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Role of the Researcher/Designer 
In qualitative research, the individual conducting the investigation is just as important 
as those who provide the data. The researcher/designer's position affects how the data is 
gathered and how knowledge is viewed and constructed (Creswell, 2012). This study's 
researcher/designer has an educational and professional background in fashion, costume, and 
textile design. The researcher/designer has been actively involved in the three disciplines for 
over twenty-five years and has been teaching in this area for over 12 years. The unique 
crossover between fashion, costume, and textile design in practice and academia has 
provided the researcher/designer with great insight, yet has potentially provided biases and 
assumptions that may obstruct analysis. To ensure trustworthiness, the researcher/designer 
has utilized strategies including reflective memos and frequent checks with advisors (as audit 
coders) throughout all phases of this study. 
Scope and Limitations 
For research/design processes, the following scope and limitations have been defined: 
1. Websites may not show all the trends accurately or may not be up to date. 
2. Only online DTP service companies that promote DTP for costumes/theatrical 
fashions online were included in the trend analysis. 
3. The time frame was determined when the level of saturation is reached in the data. 
4. The participants who agree to be interviewed may not be representative of the entire 
costume design and production educators.  
5. This study focused on costume programs in academic settings that also have 
makerspaces, innovation labs, and/or digital apparel and technology labs, as well as 
well-established costume program that may or may not have makerspaces. 
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6. The experience prototypes in Phase III utilized the researcher/designer’s technical and 
tacit knowledge. 
7. The time frame dedicated to Phase III was limited by the researcher/designer’s other 
career obligations. 
8. The taxonomy used for the nine prototype design briefs is a representation of DTP 
website examples, interview data for a DTP company, and costume design and 
production educators and may not include all possible uses of DTP. 
Appendix A contains a table outlining the research questions, objectives and methods for this 
study. 
Definition of Terms 
3D Printing:  3D printing is an additive manufacturing process that creates a three-
dimensional physical object by adding material (usually synthetic) 
(Seymour, 2008). 
Aesthetic: The aesthetic is the "rewarding quality of an object or experience" and 
an "involvement in higher-order mental events," and "refers to both the 
quality of an object and a state of being" (Fiore, Kimle, & Moreno, 
1996, p.30).  
Analog:  Something produced, or reproduced, without the direct involvement of 
advanced technology (Carden, 2016) producing using non-digital 
methods. 
Computer-Aided  
Design (CAD):  For fashion, textile, and costume disciplines, the category of CAD can 
include software and hardware technologies that assist the designer or 
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technician in the rendering, patterning, designing, execution, and 
presentation of the garment, textile, or costume (Seymour, 2008). 
Costume:  Costume can refer to the dress of a specific time period and can 
include garments, hairstyles, and accessories. Anderson & Anderson 
describe costume as “anything worn in a production, whether it be 
layers of clothing or nothing at all” (1999, p.18). 
Costume Design:  Costume design is the area that plans and sketches all costumes and 
collaborates with the director, scenic designer, and the lighting 
designer. The costume designer and assistant costume designer are 
responsible for purchasing all fabrics and trims, pulling and shopping 
costumes, and attending fittings or meetings (Ingham & Covey, 2003). 
Costume Production 
/Technology:  For this study, costume technology should not be confused with digital 
technology use in costume. Costume technology and costume 
production is the drafting of the garment patterns using flat pattern and 
draping methods, the constructing of the costumes using sewing 
machines and pressing equipment, and the crafting of the textiles, 
accessories, and costumes using dyeing, sculpting, and distressing 
techniques (Ingham and Covey, 1992). A costume technician is 
someone who practices costume technology. In this study the term 
costume production will be used to refer to both costume production 
and costume technology. 
Design Thinking:  "Design thinking is a human-centered approach to innovation that 
draws from the designer's toolkit to integrate the needs of people, the 
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possibilities of technology, and the requirements for business success." 
—Tim Brown, president, and CEO, IDEO 
(http://www.ideou.com/pages/design-thinking, 2017). 
Diffusion of  
Innovation Theory:   A theory, popularized by Everett Rogers with the first edition of his 
book Diffusion of Innovations in 1962 to the fifth edition in 2003, to 
explain how new ideas and technology spread. Rogers 2003 
conceptual model of Diffusion of Innovations illustrates the paths of 
four elements (a) innovation, (b), communication channel, (c) time, 
and (d) social system that innovations must travel through to gain 
acceptance (Rogers, 2003).  
Digital Textile  
Printing:  DTP is “the technology of printing on fabric directly from the 
computer, with no additional step (Namwamba, 2005, p.3) and is “a 
general term that includes all forms of digital printing, such as laser 
and inkjet technology” (Bowles & Isaac, 2012, p.187). 
Draper: The draper is a role in the costume shop who is responsible for 
translating the designer’s drawings by draping or flat patterning 
methods based on an actor’s measurements (Ingham & Covey, 2003). 
Engineered Print  
Design:  “To engineer a print, a product developer brings the garment marker 
into a textile software design program and creates the textile design 
within the marker. The design engineering process requires the 
collaborative efforts of both a product and textile designer, allowing a 
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better marriage of shape and pattern design” (Parillo-Chapman 2004, 
p.30). 
Experience  
Prototyping:  A form of prototyping that builds on the idea of prototypes as a 
representation of a design that has been created to inform design 
decisions and processes. “An Experience Prototype is any kind of 
representation, in any medium, that is designed to understand, explore, 
or communicate what it might be like to engage with the product, 
space, or system we are designing” (Buchenau & Fulton Suri, 2000, 
p.424). 
Fashion Design: Fashion design is the planning and creation of clothing and accessories 
utilizing the elements and principles of design to create a desired 
aesthetic. (Garner & Keiser, 2012). 
Laser Cutting:  Laser cutting is a system that uses a CAD file to seal the edges of a cut 
pattern (Carden, 2016). 
Makerspaces:  Sometimes referred to as a hackerspace, a makerspace is a physical 
location that provides tools and assistance for technological 
experimentation, hardware development, and prototyping. It is a place 
where “makers” gather to share resources and knowledge for creative 
endeavors. (Hatch, 2014).   
Prototype:  A prototype “is a fluid, evolving benchmark that is subject to change 
based on changing variables” (Fasanella, 2011). A prototype is not a 
mock-up but rather an example of a style that uses “specified hardware 
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and final fabrication” (Fasanella, 2011) and provides proof of 
execution.  
Repeat Textile  
Prints:  Surface design where motifs are arranged in a tile designed to be put 
into repeat (Bowles & Isaac, 2012). 
Tacit Knowledge:  Practitioner knowledge; “Knowledge that by definition cannot be told” 
(Finn, 2014, p. 13). 
Technical  
Knowledge:  "Knowledge that is focused on how to perform a technical operation, 
such as construct a pattern for a particular type of collar or cuff, or the 
steps involved in stitching a seam. Within the fashion industry, this 
knowledge is concerned with procedure and extends to how to digitize 
a pattern or how to use Adobe IllustratorTM” (Finn, 2014, p. 14). 
Technology:  “The use and understanding of tools, techniques, and processes that 
use these tools” (Tortora, 2015, p.1). 
Technology  
Acceptance Model  
(TAM):  An information systems theory that models how users are influenced 
by perceived usefulness and perceived ease of use to decide how and 
when they come to accept and use a technology (Davis, Bagozzi, & 
Warshaw, 1989). 
Textile Design: Textile design is the process of creating surface and/or structural 
design for woven, knitted, or printed, textiles (Briggs-Goode, 2013). 
Theatrical Fashion: Garments that incorporate costume, fashion, and textile design 
theories, processes, and technologies (Plummer, 2017). 
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CHAPTER 2. REVIEW OF LITERATURE 
 Six sections comprise the review of literature. The first section is an overview of DTP 
technology and gives a thorough review of the DTP process, various types of software and 
hardware associated with DTP, printing capabilities and limitations, and avenues for DTP 
technology access. The second section expands DTP knowledge to include digital textile 
design (DTD) of surface prints and patterns. The third section explains costume design and 
costume production practice, process, and pedagogy; an understanding of the relationship of 
costume design and costume production within an academic setting is essential to value the 
proposed educational approaches of costume design and production. The fourth section 
introduces theatrical fashion and considers the ever-changing technological environment 
within the world of theatrical fashion and university settings. Even though this study focuses 
on DTP, more emergent technologies such as CAD, 3D printing, and laser cutting are 
included in the scope of the review of literature to provide context. 
The last two sections of this chapter present the theories, models, and documentation 
techniques applied to this study: Diffusion of Innovation and TAM support the qualitative 
inquiry of costume educators, and the Spiral Model of software development provides the 
framework for the experience prototyping iterative process. The chapter ends with a 
summary of the literature review. 
Digital Textile Printing 
“Digital technology is changing the face of textile design, from methods of creating 
and presenting designs to the ways in which they are realized" (Bowles & Isaac, 2012, p.7). 
DTP includes both the digital creation of a surface design using a computer program and the 
digital printing of surface design file using a large format printer that prints the design 
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directly onto the textile. "The digital printing of textiles currently encompasses a wide range 
of processes, from craft related to technology-based" (Carden, 2011, p.83). To effectively use 
DTP, the user must possess skills in traditional print design theory, as well as CAD and color 
control (Polston, Parillo-Chapman, & Moore, 2014). 
The process of digital printing on textiles can be divided into two separate areas – 
creative textile design and technical textile production (Carden, 2011). Digital creative textile 
design is the development of the textile's surface design using design software (Namwamba, 
2005). Digital technical textile production is the technology, including the hardware and the 
software, associated with the printing on fabric directly from the computer (Tyler, 2005). 
Similar to conventional textile designers, DTP designers require knowledge of their printing 
methods to execute their designs. 
Historical background  
DTP evolved from technologies developed for paper and sign printing (Bowles & 
Isaac, 2012); however, the art of surface design printed on textiles dates back as far as 2,000 
years ago with block printing in China (Briggs-Goode, 2013). DTP and conventional textile 
printing are similar in their use of fibers, fabrics, and colorants but are different in its 
adoption and use. In the 1970s the first use of DTP was Milliken's patented use of air jet 
technology to carry ink to carpet substrates (Carden, 2016; Tyler, 2005). Since then, there 
have been significant improvements with the machines, inks, and software system uses for 
DTP (Tyler, 2005). 
The 1980s brought the development of transfer printing and the ability to print 
complex images by first printing onto a special paper and using heat to transfer them onto 
textiles (Carden, 2016). The relationship between the digital and print processes continued to 
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evolve with digital color separation and the ability to code detailed images that would have 
been too complicated to color reduce by hand. The 1990s found the uses for DTP as a 
prototyping tool and for printing small runs on demand as major reasons for acceptance 
(Treadaway, 2007). 
Researchers and designers are continuously working to streamline digital textile 
procedures and develop improved equipment, new inks and pigments, and wider substrate 
variety (Namwamba, 2005). The cost of the hardware and software is falling, and access to 
the technology is growing. The colorants are becoming more sophisticated and are 
compatible with various printers and multiple fabrics. However, even with these 
improvements, quality control remains a point of contention with DTP (Namwamba, 2005). 
Istook (2000) attributes the future success of DTP with cooperative efforts among the 
developers of the technologies, colorants, and textiles to improve consistencies. 
Process of DTP  
DTP, with inkjet printing technology, attains flexibility not possible with 
conventional printing methods (Polston, Parillo-Chapman, & Moore, 2014). Inkjet printing 
for textiles uses the same technique as inkjet printing for paper where colorants are dropped 
or sprayed through printhead nozzles onto the substrate (Carden, 2016; Tyler, 2005). DTP 
has the same hardware and software challenges as digital printing but also has the new 
challenges regarding the "surface texture, end-use performance, [and] colour physics" (Tyler, 
2005, p.5). Within inkjet digital printing, there are four components associated with the 
printing process: (a) hardware for printing, (b) software for communicating the design 
information, (c) inks and colorants, and (d) substrates (Tyler, 2005). Specific to inkjet DTP, 
there are the certain software programs for textile design and specific types of printers, inks, 
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and colorants that work with the textile substrate (Choi, Yuen, Ku, & Kwan, 2003). As the 
process of DTP is described, each of the four components will be discussed. 
DTP hardware. For the print to be applied directly onto a textile, the printing machines need 
to be large enough to accommodate standard textile widths and various textile characteristics. 
The Mimaki Tx2-1600 (Figure 2.1) is an industry standard, and as of 2009, the majority of 
academic institutions that offer DTP use this particular printer due to its flexibility (Ryall, 
2009). The Mimaki Tx2 (Tx3)-1600 can print 3-28 square meters/hours, at 360-720 dpi, 
using eight process colors with 16 
Epson type printheads, and can 
accommodate acid dyes, reactive 
dyes, disperse dyes, or pigment 
(Ujiie, 2017). With DTP 
evolution, many printers that offer 
a variety of features have been 
introduced for industrial, 
academic, and personal use.  
Digital textile printers are similar to desktop printers regarding their hardware and 
mechanics. Substrates are usually mechanically fed through the machine, and the printheads 
are the major components responsible for delivering the color and range of resolutions. Tyler 
(2005) identifies three categories of printheads for ink jet printing technologies for textiles 
(Figure 2.2). The categories represent the way the printheads place the inks or pigment onto 
the textile.  Dot-on-demand (DOD) and Continuous ink jet are the most common for 
contemporary DTP; both printhead types utilize unique processes and offer various benefits. 
Figure 2.1. Mimaki Tx2-1600 digital textile printer 
(http://mimaki.com/product/inkjet/textile/tx2-1600/) 
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DOD relies on printing software to determine whether to drop ink or not to drop on 
the textile surface (Tyler, 2006). There are two types of DOD: (a) thermal ink jet printing, 
which heats up the ink to cause the pressure to release the ink drop, and (b) piezoelectric, 
which send an electric current to control the ink drop size and shape. Piezoelectric can 
produce higher resolution prints and is the type of Epson printheads used in the Mimaki 
printer as one of the print options for Phase III in this study. 
In the continuous ink jet printing process, the printheads release ink through the 
nozzle at a constant speed. Continuous ink jet printing has two printhead types: (a) binary 
continuous ink jet and (b) multi-deflection continuous ink jet. In the continuous ink jet 
printing process, the printhead releases ink through the nozzle at a constant speed (Ujiie, 
2017). After being released from the printhead, the ink disperses on the textile. 
Printheads in both categories require continuous maintenance through cleaning and 
calibrating (Thompson, 2016). Research and development is being conducted to minimize 
printhead problems and maximize printhead capabilities. Ujiie (2017) traces the high 
Figure 2.2. Classification of ink jet printing technologies for textiles (Tyler, 2006, p.7). 
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investment industry’s move from scanning printers, such as the Mimaki, to single pass inline 
printers. Rather than feeding the textile through the printer, the printheads move over a static 
textile. The rapid developments in hardware systems require constant updates to the software 
and training for the DTP operators. As with any technology, the continuous need to learn and 
relearn systems can become a hindrance to the acceptance, continued use, or diffusion of a 
technology.  
DTP software. The software associated with DTP is different from the software that 
will be discussed for DTD. CAD is not only used for the designing and storing of the surface 
design but also used in the communication of color, resolution, placement, and size of the ink 
drop to the printer (Polston, 2011). The digital print machines are controlled by software that 
regulates the printhead distribution of specified color to the proper areas. The software 
discussed in this section are the Raster Image Processor (RIP) software and the color 
management software. This software is necessary to communicate a designed digital print to 
the DTP machine. A RIP converts CAD images into a raster format, suitable for printing. RIP 
is a sophisticated printer driver to control the printer's functions, including printheads and 
colorants (Ujiie, 2017). RIP is also responsible for integrating the ICC profile created by the 
color management software (Ujiie, 2017). Individual printer profiles are the most critical data 
and are specific to each substrate, each colorant, and each finishing condition (Ujiie, 2017). 
The four steps to generate an ICC profile are as follows: (a) color management 
software utilizes algorithms to generate 256 color patches, (b) color patches are sent to the 
printer and printed on a textile, (c) the printed color patches are measured and calculated with 
a spectrometer, and (d) the profile is stored to the hard drive for access by the RIP software 
(Ujiie, 2017). Even with all of this control, there are still colors that remain out of the gamut 
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of DTP possibilities (Tyler, 2005). It is essential to know which colors are not possible and 
make the precautionary DTD decisions that will yield intended color response. 
DTP inks and colorants. The colorants used in DTP allow for thousands of colors 
while the printheads and software allow for clarity and precision of the printed image (Tyler, 
2005). The varieties of textile printers available use an assortment of inks and colorants on 
textiles that require different pre- and post- treatments (Tyler, 2005). The colorants in inkjet 
DTP are the dye or pigment-based inks that meet the quality standards identified by 
conventional textile printing. The four main types of colorants used are reactive, acid, 
disperse, and pigment and each type have characteristics and affinity towards certain textile 
fibers (Polston, Parillo-Chapman, & Moore, 2015). 
The most common dyes used in academic settings are reactive dyes because of their 
flexibility (Thompson, 2016). Reactive dyes work best on cellulosic and require a fixing 
agent as a pre-treatment and steaming as a post-treatment to set the color. Disperse dyes work 
with many synthetic fibers, do not require pre-treating the textile, and use heat (steam or dry) 
to set the color. Acid dyes also do not need to pre-treat the textile, use steaming to set the 
color and work best on nylon and protein fibers. 
  Pigment sits on top of the textile surface rather than penetrating into the surface the 
way the dyes do. The main advantage to using pigment is that it can be used on any fiber or 
blend and requires less equipment because of simpler textile treatment. However, since the 
pigments rest on top of the textile, the print is prone to cracking, an issue where the color 
rubs off. The pre and post-treatment of the textiles depend partly on the types of colorant 
being used, partly on the fibers of the textile being used, and the type of printer being used.  
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DTP substrates. In DTP the substrate is a textile. In addition to the chemical pre-
treatment to textiles for certain dyes, the textile may need to have a pre-treatment associated 
with the printer. For instance, the Mimaki uses textiles that have a paper backing adhered to 
it for ease in the printer feed. The paper backing is then removed before the textile is post-
treated. Other printers do not need paper back textiles but may have other pre-treatment 
requirements. In the beginning stages of DTP, the selection of textiles available for digital 
printing was limited. Today many DTP service companies offer printing on natural and 
synthetic fibers for woven and knit fabrications because of the variety of DTP equipment 
they operate. Online DTP service companies, such as Spoonflower, have facilities that 
contain multiple printers, each specific to natural, synthetic, or blended fibers and calibrated 
for specific fabric types and weights. Academic labs are more limited, as they only tend to 
have one printer and have a pre-constrained selection of inks or pigment, which in turn 
affects the types of fabrics available. Once the ink type is selected it is very difficult, 
sometimes impossible to change the printer to a different ink type or colorant. Table 2.1 
shows the types of dyes or colorants with the fibers, treatments, and advantages. 
Table 2.1 Dyes or Colorants with Fibers, Pre- and Post-Treatments, and Advantages 
Dyes or 
Colorant 






Steaming as post-treatment 
Bonds with the 
fibers 
Acid Dyes Nylon and 
protein 
Steaming as post-treatment Clear vivid colors 
Disperse 
Dyes 
Synthetics High temp steaming/dry heat as 
post-treatment 
Dye sublimation for 
transfer and DTP 
Pigment All fibers Require binders as pre-treatment, 
Dry heat as post-treatment 
Colorfast to light, 




Capabilities and limitations of DTP 
As with any technology, there are benefits and drawbacks to using the technology and 
as the technology evolves the capabilities and limitations change as well (Bowles & Isaac, 
2012; Carden, 2016). Bowles and Isaac (2012) recognize the four main advantages of DTP 
over traditional printing as the speed of design application onto the fabric; the ability to print 
intricate details in unlimited colors; the ability to produce large-scale images; and using 
printing methods that have a lower impact on the environment. 
DTP is becoming more affordable. Advancements in the technology have not only 
lowered the costs for the hardware but also the ability to print small runs on demand: by only 
printing what you need, the costs are kept at a minimum. In addition, set up costs are much 
less than conventional screen-printing methods, where each color needs the creation of its 
screen. DTP is becoming more accessible due to lower start-up costs for the equipment and 
the increase in DTP service companies, and DTP is becoming easier to use through more 
user-friendly software programs and an increase in DTP knowledge. However, the 
acceptance of DTP has been relatively slow due to some of the limitations discussed in the 
following section.  
Some of the limitations of DTP include the high cost of the equipment and materials, 
the constant updates in the technology (hardware and software), and the quality control of the 
printing process. The initial expense of the system, as well as the expense of the updates, 
makes it a risky proposition to adopt the relatively new technology (Muscha, 2013). The 
continuous updates require purchasing new versions of the software, replacing outdated 
hardware, and retraining to keep up with the changes. The extensive knowledge required for 
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controlling the color and management profiles of the monitors and printers and calibrating 
printers to respond to changes in textile quality are limiting to DTP use (Campbell, 2006).  
There is a learning curve associated with DTP that goes beyond the process of 
learning the hardware and software and which concerns the application of aesthetic 
knowledge and skill to the technology at hand (Treadaway, 2004). New updates and versions 
of the software require designers to relearn certain aspects of the programs. King (2009) 
recognizes the frustrations of early adopters of DTP but suggests that the ongoing technology 
development continues to make it easier to use.  
Users of DTP and DTP service companies 
 Bowles and Isaac (2012) equate individual designer DTP to the rise of desktop 
publishing; both large-scale fashion companies and independent freelance designers can use 
this technology. The technology did not emerge as quickly for the textile industry because of 
the need to “develop suitable inks and large-format printers to accommodate woven as well 
as stretchable cloth” (Bowles & Isaac, 2012, p. 12). Today contemporary designers utilize 
digital image manipulation and DTP to enhance their design aesthetic. Even small-scale 
designers can use home computer software, like Adobe Photoshop and Microsoft Paint, to 
create DTDs. However, not all designers have the necessary CAD skills or have access to the 
hardware and equipment required for DTP (Joseph & Helsop, 2014).  
The birth of DTP service companies grew out of the new “maker” economy, the DIY 
ethos, and “democratization of technology” found in makerspaces (Joseph & Heslop, 2014, 
p.6). Print on demand DTP service companies, like Spoonflower and First2Print, allow 
individuals to create their own surface designs and print short runs (Treadaway, 2007) on a 
variety of fabrics. Joseph and Helsop (2014) state that Spoonflower is one of the "best-known 
 26 
facilitators of this Maker model in the textile design field" (p. 6) and has seen tremendous 
growth, becoming one of the largest DTP bureaus with a worldwide audience. Spoonflower 
provides access into DTP technology previously only available to high-end professionals, 
thus opening up the chance for small-scale businesses and individual designers to participate. 
Polston, Parrilo-Chapman, and Moore (2015) conducted a study to identify the types 
of users of print on demand DTP. They found the four dominant user types were (a) crafters, 
(b) designers, (c) artists/artisans, and (d) small business owner/entrepreneurs. Their study 
aimed to address impediments to DTP success by providing an understanding of the skill 
levels within the user types. They concluded that training and education in CAD skills, color 
management, and repeat layouts are needed and would improve the user's experience. The 
acceptance and growth of DTP are dependent on characteristics such as perceived usefulness, 
accessibility, ease of use, and clear gains in outputs (Dillon & Morris, 1996; Rogers, 2003). 
Even though print-on-demand DTP service companies were providing accessibility, there is a 
need to provide more design support, either by the DTP service companies or through other 
training resources (Plummer, Sanders, & Baytar, 2017). 
The Textile and Design Laboratory (TDL) at Auckland University of Technology is 
an example to such DTP service companies that provide access to the technology as well as 
the training and education needed for surface design creation and printing. TDL, established 
in 2006, connects students, industry and textile technologies. TDL provides access to DTP 
technologies and expertise to small-scale businesses, such as the New Zealand film industry, 
to create innovative, timely, and cost-effective solutions for costuming: 
Exact colour matches, vintage designs and fabric wear effects can be produced 
quickly from samples and original artwork. The production scale does not affect 
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costs, with one-off prints for unique costumes being produced from digital files 
(Joseph & Helsop, 2014, p.11). 
DTP has witnessed significant growth in the development of the hardware and 
software. DTP technology is responsible for changing the textile surface designers’ approach 
to design problems and solutions. By harnessing the digital skills required for preparing 
digital designs for DTP, the designer gains creative freedom with digital surface design 
methods. As technological software and hardware continue to become more accessible, and 
experimentation with the technology grows, the effects of DTP will impact both processes 
and products.  
 
Digital Textile Design 
  Initially, the introduction of DTP technologies merely replaced specific steps in 
conventional textile printing methods, but now is responsible for creating a new visual 
language of DTD (Bowles & Isaac, 2012). DTD is the designing of surface patterns or prints 
that use the computer for part or all of the design process. Today DTD utilizes DTP 
technologies to influence the print development, but in its early stages, it was used mainly as 
a way to digitally color-reduce images for conventional screen or roller printing and to 
quickly test strike-offs or print designs (Bowles & Isaac, 2012). As textile designers became 
aware of the artistic potential of DTD, they began to let go of the traditional restrictions of 
conventional print theory. Bowles and Isaac (2012) state, "change only begins to occur once 
practitioners come to understand the potential of a new technology and are comfortable with 
it" (p. 13). Carden (2016) found that "practitioners are not content to design for technology, 
but rather are asking technology what it can do for them" (p. 82). DTD practitioners now 
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have the responsibility to aid the technology developers to improve existing systems and 
experiences (Carden, 2016). 
According to Carden (2011), there are three separate stages to creating digitally 
printed textiles, and each stage is significant and adds to the complexity of the process. 
Carden (2011) states the first step is the creation of an original image, the second step is to 
import the image into a computer and manipulate the image using specific software, and the 
third step is to print the manipulated image onto fabric. In this view, it may seem that Carden 
(2011) assumed that analog methods were used to create the image for the first step. 
However, the images created in the first steps could be done by analog or digital means or by 
a combination of analog and digital. When the images are created digitally, steps one and two 
are more integrated. Carden's continued research on DTP and design provides insight into the 
evolving relationship between analog and digital processes. In 2016 Carden stated that:  
While digital textile printing eliminates the need to have skills associated with the 
creation, preparation, and production of the textiles, having those skills enable 
designers and practitioners to be able to use digital textile printing in an informed 
matter. It allows them to knowingly make decisions about what they do and how they 
do it, and it also gives them the opportunity to make advanced technology work for 
them in accordance with their own individual creativity (p. 114). 
 Even though DTD requires a new understanding of the digital software used for 
creating the digital design file, digital print design still requires the same conventional print 
design theory. The computer cannot do all the work but can make certain aspects easier or 
quicker. The understanding of repeat prints, engineered prints, colorants, color control, color 
reproduction, and print quality is just as crucial in CAD print design (Polston, 2011). 
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Textile print design fundamentals 
 Prints are surface patterns made up of a single motif or combination of motifs placed 
in a repeatable or engineered layout. In order to successfully design textile prints, whether by 
conventional or digital methods, the designer must consider the following design parameters: 
(a) motif types, (b) repeat or engineered layouts, (c) composition, scale, and density, (d) 
directionality, (e) color schemes, and (f) artistic style. The parameters are not successive 
steps but rather dimensions that are often considered simultaneously. Understanding the 
fundamental components to print design will allow the trend analysis of DTP in this study to 
reference proper print terminology and context in both conventional and digital possibilities. 
Motif types. Motifs are the elements that are used to build a surface pattern. A 
surface pattern may be made up of one motif repeated over and over or several different 
motifs. Over the long history of surface pattern design, certain motif types appear across 
cultures and printing methods. Textile scholars agree on the four basic motif types: (a) floral, 
(b) geometric, (c) conversational, and (d) world/culture/or ethnic. Florals are one of the most 
popular subjects for textile designers and have a large range of artistic interpretation. 
Geometrics include geometric shapes, stripes, and plaids and also include any abstract motif. 
Conversational is any recognizable motif that is not floral (Wisbrun, 2012) and world motif 
types draw from cultural significance. Texture is another motif category outside of the four 
listed that is important in the creation of textile print collections. Textile prints such as 
paisley and camouflage have not only recognizable motifs but also identifiable layouts and 
composition. Almost any image could be considered a motif and with a variety of layouts for 
arrangement.  
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Repeat patterns and engineered print layouts. The motif(s) itself is neither the 
repeat nor the engineered layout; the space that contains the motif arrangement is the repeat 
pattern or engineered print layout. Before DTP technology, repeat patterns and engineered 
layouts had to adhere to constraints of screen or roller size when creating repeat tile or 
engineered placement. Conventional screen and roller printing work within standard 
measurements that relate to the proportions of fabric widths and lengths. Even though DTP 
makes it possible to design without these constraints, many DTD still work within these 
conventional sizes and layouts. 
A repeat is the mathematically precise repetition of a pattern within the length and 
width of a textile and is "one of the most important parameters in commercial textile 
printing" (Briggs-Goode, 2013 pg. 56). The 
composition of a repeat print uses pattern as a tool 
to structure the repetition, rhythm, and flow of the 
design. A repeat tile is the arrangement of the 
motif(s) that is then put into repeat to create the 
surface design. The development of the motif(s) is 
only the beginning stage of a print, and the development of repeat tile has many set repeat 
options from which to choose. The simple single motif pictured in figure 2.3 is used to 
illustrate the most common repeats: (a) block, (b) brick, and (c) half-drop, in Figure 2.4. 
 
 
Figure 2.3. An example of a motif 
 
Figure 2.4. An example a motif repeated in block, brick, and half-drop layouts 
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Other known repeat types include stripe, plaid, diamond, ogee, and many more. In seamless 
repeats, the motifs cross over the tile edge and are more complicated to design. The part of 
the motif that disappears over the tile edge reappears on the opposite edge to create a 
seamless repeat. Conventionally this is 
done by hand, wherein either the tile or 
motifs are perfectly cut and manipulated. 
With CAD repeat development and a 
mastery of the technology, this step can be 
simplified and sped up (Figure 2.5). In 
more complex repeat layouts, multiple 
motifs appear in a combination of set repeats with seamless tile borders. Again, this type of 
repeat layout requires strong background knowledge in repeat tile development theory 
regardless of the technology at hand. 
The development of DTP and CAD programs has made non-repeating patterns 
possible. "The non-repeating pattern can be generated and then digitally printed at any 
desired length and scale, limited only by the computer's ability to deal with the file size" 
(Briggs-Goode, 2013, p. 112). Engineered prints can be engineered to yardage such as non-
repeating patterns and border prints, or engineered to garment pattern piece shapes as 
placement prints. Briggs-Goode (2013) emphasized that engineered prints require a strong 
understanding of the inter-relationships between the print design and the garment design and 
of the assessment of "two-dimensional ideas in three-dimensions"(p. 113). Engineered 
placement prints strategically place the motifs within or across the seamlines. When the 
motifs travel seamlessly across garment pattern pieces and around the body, careful 
Figure 2.5. CAD seamless tossed repeat tile 
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consideration of how the garment is cut and sewn is paramount. Conventionally, placement 
prints had to follow the same screen or roller size restrictions of repeat patterns, but DTP 
technology and CAD design have dramatically changed the limits. 
Composition, scale, and density. Composition, scale, and density can be used to 
describe the arrangement within repeat tiles, as well as the surface design when the tile is put 
into repeat, or the motifs are arranged in a non-repeating pattern or engineered print. 
Composition enables the textile designer to consider the organization of the design elements 
and avoid unintentional line-ups, alleys, or holes (Wisbrun, 2012) when the tile is put into 
repeat or during the assembly of engineered pieces. Scale refers to the size or the print on the 
textile, and density refers to how much space is left between the motifs. Adjusting scale and 
density can dramatically alter the composition of print.   
Directionality. Directionality refers to the motif placement and can give the surface 
design a one-way, two-way, four-way, or multi-direction appearance. Prints with more than 
one direction have more versatility in garment pattern piece layout. With engineered prints, 
the directionality within each garment pattern pieces can be controlled. “Railroading” is 
using a print in a 90-degree direction from its original intent. Often this is the case with 
border prints, as they are printed with a continuous border running along the selvedge edge 
but are cut on the crosswise grain line so that the border can run horizontally on a garment. 
Color schemes and artistic styles. Color schemes and artistic styles are the major 
components of textile print design to suggest mood and theme (Briggs-Goode, 2013, p. 112). 
A designer strategically chooses colors and styles to reflect their ideas and must be skilled in 
understanding and utilizing particular color combinations and aesthetic effects. Color shares 
vocabulary that transcends mediums, and color theory is a common knowledge base for 
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many artists. Textile designers often refer to color forecasting to assist in designing prints for 
particular trends, seasons, and target markets, and rely on effective color-matching systems, 
such as Pantone, to maintain color accuracy (Clarke, 2011). It is vital that color matching be 
consistent throughout the designing and printing process. CAD designing has added another 
level of color checking because the colors seen on the digital screen rely on additive color, 
and colors seen on the printed substrate rely on subtractive color. 
In addition to color schemes, artistic style can emphasize mood and theme, and, like 
color, share a common language with other artistic practices. There are numerous artistic 
styles, some are identified by artistic movement (e.g., Art Nouveau, Surrealism), others are 
identified by the artistic medium (painterly, digital), and others are identified by genre 
(fantasy, typography). The possibilities are vast and continue to grow as new artistic styles 
develop. Depending on the artist, group, company, or discipline, a common language may be 
used, but there may be additional categories that are not shared. Regardless of textile design 
method, the parameters of motif, layouts, composition, scale, density, directionality, color, 
and artistic style become part of the textile design process. Conventional textile designers use 
traditional tools and analog methods to create the design. The next section reviews the digital 
technologies available for textile designers.  
DTP design technologies 
Designers use CAD to assist in the creative development of motifs, repeat tiles, and 
layouts to prepare their work to be digitally printed. The amount of digital assistance varies 
as long as the result is a digital file that is adequately prepared for DTP. Similar to DTP there 
are hardware and software components involved.   
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DTD hardware. The most common hardware associated with DTD includes a 
computer/laptop, a camera, a graphics tablet and digital stylus pen, a flatbed scanner, and a 
digitizer (for engineered print design). Most computers/laptops have the ability to run the 
variety of software needed for DTD. Some textile designers skip the computer and use tablets 
such as iPads to create their designs because they can save their files in a format that is 
compatible with DTP labs or service companies. It is even possible to use just digital 
photographs from a 
smartphone, using online 
tools available through the 
DTP service company's 
websites. A graphics tablet 
and digital stylus pen, such as 
the Wacom tablet and pen 
(Figure 2.6), needs to be used 
with a computer/laptop and replaces the mouse. The digital stylus pen gives the designer the 
ability to digitally draw and paint with a similar feel to traditional materials. Pen sensitivity 
provides additional artistic control and nuanced effects (Bowles & Isaac, 2012), primarily 
when used with specific tools and effects of specific software. The use of a graphics tablet to 
create artwork eliminates the need for a flatbed scanner; however, if the designer wants to 
use his or her hand-crafted artwork, a scanner is a good option for capturing a digital image. 
A scanner is a reasonably accessible, lower-technical piece of hardware that has become an 
exciting tool for textile design. Not only can the designer scan flat artwork to work with 
digitally, but the designer can also scan real objects, assemble imagery, and experiment with 




tactile effect (Bowles & Isaac, 2012). Plummer and Sanders (2016) used half scale garment 
patterns and a scanner as a practical, low-tech method for digitizing garment pattern pieces. 
A digitizing table and digitizing mouse, often used in larger companies for apparel 
product development, can be a great digital asset for creating engineered surface designs but 
is not required for DTD. The drawback is the hardware is expensive as is the software 
required to use it – such hardware is often used with proprietary software and will be 
discussed further in the following DTD software section.  
DTD Software. DTD design utilizes software initially designed for the graphics 
industry software as well as textile-specific proprietary software systems for motif and layout 
design development. Proprietary textile design software systems, such as NedGraphics and 
Lectra's Kaledo, provide digital solutions specific to the requirements of textile design 
manufacturing and are not available to the public (Briggs-Goode, 2013). Currently, many 
industry based textile designers use CAD to design the print but use conventional methods of 
screen and roller printing to print their designs; therefore, it is essential that these software 
programs allow the designer to work within the parameters of traditional textile design. 
These advanced software programs allow the designer to work in a digital environment to 
develop motifs and layouts, create multiple colorways, and quickly color reduce artwork for 
conventional printing methods. Before CAD, textile designers were required to hand-render 
designs (Bowles & Isaac, 2012) and plan the repeat tile by hand. There are many instances 
where designers still do DTD by hand with digital tools that are merely a way to translate the 
original artwork to a digital format. By using off-the-shelf photo-editing bit-map based 
software, such as Adobe Photoshop and Corel Paint, the designer can import and manipulate 
artwork. The companies that offer bit-map based programs also offer vector-based programs 
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to create accurate graphic drawings. Adobe Illustrator and Corel Draw, when used with their 
photo-editing counterparts, provide a robust platform for textile design. Adobe Photoshop 
and Illustrator are currently used by textile designers as standard tools (Bowles & Isaac, 
2012) and are becoming more compatible with proprietary textile design software programs. 
However, it is very reasonable to create repeat tiles and engineered layouts by adapting and 
using specific tools that already exist in Adobe Photoshop and Illustrator. Recently, Adobe 
has added more pattern options within both programs, which provide even more ease in 
creating DTD to work within standard repeat layouts. 
It is also possible to create engineered placement prints using only Adobe Photoshop 
and Illustrator, making engineered print design more accessible to users that do not have 
access to proprietary pattern-making software (Plummer & Sanders, 2016). EFI Optitex and 
Gerber are industry-based software programs that allow for the digital creation of garment 
pattern pieces through digital drafting or digitizing paper patterns. The measurements for 
pattern drafting can be imported as data from a body scan, and two-dimensional (2D) pattern 
piece design can be presented as a 3D virtual garment displaying the surface print design. 
These are highly technical software programs that are expensive and require extensive 
knowledge and training to use them. Depending on the type of DTD, the integration of 
pattern-making software can provide tools to assist in engineered DTD. 
On the opposite end of the spectrum to proprietary and off-the-shelf software is free 
and open source software. Free trials of software are also available for download and free, 
user-friendly tools on DTP websites are available for editing and layout. The on-line DTP 
service company, Spoonflower, offers standard repeat options, scaling, and color-editing to 
work with a designer's uploaded artwork. Thus the minimum digital requirement is to save 
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the motif in a digital format; the manipulation and simple repeat layouts can be done on the 
website.  
Creative and technical considerations  
The new visual language that is being created by the growth of CAD use is producing 
more sophisticated designs that blur the line between technology and craft (Bowles & Isaac, 
2012). When DTP technology was first introduced, the images for the surface design were 
clearly computer generated, but now there is an exciting evolution happening. Bowles and 
Isaac (2012) attribute the change as: 
A more mature style of digital textile design is now evolving due to increased 
experimentation by designers, who are creating designs based on scanned or 
digitally photographed subjects, facilitating effects such as trompe l’oeil as well 
as graphic and illustrative styles that are only possible using computerized 
drawing and manipulation tools. (p. 13)  
 Fashion designer Mary Katranzou is known for manipulating architectural 
photographic imagery strategically on the body (Bowles & Isaac, 2012). Design companies, 
such as McQueen and Clover Canyon, digitally design patterns and illusions to accentuate 
the shapes and style lines of the garments (Bowles & Isaac, 2012). The amount of traditional 
handcraft and the amount digital design are up to the aesthetic choices of the designer, but 
the final version of the surface design for DTP needs to be a digital file (Carden, 2016). 
Carden (2011) contends that at each stage of surface design development, the artist can 
transfer across disciplines, and the outcome can contain varying proportions of digital and 
craft input.  
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  DTD uses software to create both repeat and engineered designs (Bowles & Isaac, 
2012). The design process for creating both types of prints can be faster, and changes can be 
made instantly in a digital environment without having to print samples. Digital repeat 
designs combine the conventional repeat tile logic with the digital immediacy and accuracy 
of manipulating motifs into set and seamless repeats (Briggs-Goode, 2013). The process of 
engineered DTD combines the creation of artwork using CAD software, digital photographs, 
or digitally manipulated hand artwork, with the digital garment pattern pieces to facilitate the 
engineering of the artwork on the pattern (Bowles & Isaac, 2012). 
Some of the limitations of DTD are image creation and image placement. The image 
must belong to the artist creating the digital work, or be free for public use, or be purchased 
by the artist (Kight, 2011). The image must be clear enough, big enough, (Kight, 2011) and 
malleable enough to fit the repeat tile or the garment pattern shapes (Bowles & Isaac, 2012). 
Technological hurdles can arrive during all of the steps in the design process, including the 
creation of the motifs, manipulating the motifs, importing the motifs into software, arranging 
the repeat tiles or engineered designs, and managing the color for DTP (Treadaway, 2004). 
Creative and technical skills are required for DTD (Treadaway, 2004). The level of 
technical integration varies; some artists only use CAD to prepare an analog file for DTP and 
complete all the creative steps before using technology. For example, a complex, seamless 
repeat composed of multiple motifs could be figured, drawn, and painted by hand, then 
scanned and uploaded only to provide a digital file for the DTP process.  
Other artists integrate technology to manipulate analog motifs and develop the print 
layouts. For example, an artist may create multiple motifs by hand that are not in a print 
layout. After uploading the artwork, software programs manipulate the motifs and arrange 
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the layout. Conventional set repeat tiles can be created with digital processes; therefore, 
understanding repeat tile theory is combined with computer skills (Polston, Parrilo-Chapman, 
& Moore, 2015). With engineered designs, CAD is used to manipulate the motifs to fit within 
or across the pattern pieces of garments which contain angles, darts, and shapes that conflict 
with the two-dimensional image. It requires skill to artfully maneuver the image so that when 
the dart, seam, and details are stitched, the image flows seamlessly over the sculptural 
garment. Campbell and Parsons (2004) emphasize the need to incorporate these tasks into a 
design framework and understand the potential difficulty in applying digital print technology. 
Researchers identify that the changing technological advancements allow for improvements 
for the imagery yet limit the amount of ease in its ever-changing application. 
DTP has many capabilities making it ideal for the costume industry. With DTD, it is 
possible to recreate vintage patterns in endless colorways, to engineer motif within garment 
pattern pieces, and to give the illusion of embellishments and distressing (Bowles & Isaac, 
2012). Also, the ability to print on demand and in smaller quantities (Carden, 2016) works 
with tight timelines and individual costume textile needs (Anderson & Anderson, 1999). A 
designer can print as little as one yard and have it printed in less than two weeks. A few 
online DTP service companies have capitalized on theatres’ potential to integrate DTP. Even 
with the increased access to these services, many costume designers, costume shops, and 
costume education programs are reluctant to try DTD.  
Costume Design and Production Education 
The need for education to prepare future professionals is not a new idea; and costume 
design and costume production programs have successfully prepared students by providing 
real-life costuming and theatrical experiences through academic and resident theatres 
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(Ingham & Covey, 2003). However, the costume industry, as well as the theatre industry, has 
seen monumental changes in the artistic product, technical abilities, and design possibilities 
due to the integration of technology (Taylor et al., 2013). It is clear that many costume 
programs provide traditional costume design and production training but have been reluctant 
to incorporate digital technologies. This study aims to investigate the possible reasons why 
costume programs have been slower to integrate technology compared to other similar design 
and production disciplines.  
Educational resources. Compared to the plethora of technologically based textbooks for 
fashion and textile design, costume design texts are severely lacking in number and newness. As 
with many disciplines, the course content is not dependent on textbooks alone, but educators do 
rely on them as resources. Table 2.2 on the next page compiles costume design and production 
textbooks (with the years, authors, and titles) commonly referenced in costume design and 
production education. 
 Many textbooks that are currently being used are over 20 years old. Since many of the 
emerging technologies have been integrated into the costume field only within that time frame, 
naturally technology is not included these textbooks. A review of these textbooks indicates there 
is minimal mention of DTP, CAD, 3D printing, laser cutting, and wearable electronics. Recent 
scholarly and trade articles have mentioned the growth that some of these technologies have had 
in the costume industry. Even the most recent costume design textbook, entitiled “The Art and 
Practice of Costume Design” edited by Melissa Merz has only a few pages dedicated to the 
technological advancements in terms CAD costume rendering and computer-generated imagery 
(CGI) in animation and video games. In addition to costume textbooks, costume programs use 
fashion history, apparel design, and clothing construction texts.  Costume shops tend to have a 
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library of historical pattern books, vintage tailoring and construction books, and textile 
manipulation texts as references, besides the costume textbooks for students to access.  
Table 2.2. Costume Design and Production Textbooks 
Year Author(s) Title 
1999 Anderson and Anderson Costume Design 2nd edition 
2009 Rebecca Cunningham The Magic Garment: Principles of 
Costume Design 2nd edition 
1992 Ingham and Covey 
 
The Costume Designer’s Handbook 
2nd edition 
2003 Ingham and Covey The Costume Technician’s Handbook 
3rd edition 
2013 Michael Gillette Theatrical Design and Production: An 
Introduction to Scenic Design and 
Construction, Lighting, Sound, 
Costume, and Makeup 7th edition 
2017 Edited by Melissa 
L. Merz 
The Art and Practice of Costume 
Design 
 
Other educational resources such as outdated equipment, faculty set in traditional 
ways, and limited digital awareness have kept certain costume programs stagnant. Many 
costume programs do provide relevant coursework for students to gain the knowledge needed 
and promote real-life experiences with faculty/student costume shops. Many academic 
institutions have a theatre-in-residence or faculty/student-run theatres that provide 
professional costume practice, and many theatre departments work with an interdisciplinary 
approach. Depending on the academic institution, its costume program can range from 
undergraduate theatre minors to graduate MFA programs exclusively for costume design 
and/or costume production. Unlike fashion design programs, where students tend to take 
classes in both design and construction, costume programs have historically had a separation 
of design and production. Costume design and costume production are a subset of the design 
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and production areas of the theatre and film industries. Scenic design and set builders, 
lighting design and light technicians, and sound design and sound technicians all work as 
counterparts – i.e., as designers and builders. 
Differences between costume design and costume production 
Costume “is both an art form and a practical craft, a duality that makes the field 
somewhat difficult to master and equally elusive to explain to others” (Anderson & 
Anderson, 1999, preface). This quote speaks to both the creative plan and the build – 
costume design and costume production. Before investigating the relationship between 
costume design and costume production, it is necessary to first establish a definition for 
costume. Costume is a term used in disciplines such as fashion, anthropology, sociology, 
history, and, of course, theatre. Each discipline identifies with different characteristics of a 
larger costume definition that support its relevancy within their field. Costume can refer to 
the dress of a specific time period and can include garments, hairstyles, and accessories. 
Every garment worn on stage is a costume – even if no garment is worn. Anderson & 
Anderson (1999) describe costume as “anything worn in a production” (p. 18). 
To look critically at costume design and costume production, it is essential to 
understand the differences between costume design and costume production. Costume design 
is the artistic plan for the costume and costume production is the making of the costume. 
Historically, industry and academia have viewed Costume Design and Costume Production 
(also identified as Costume Technology) as separate entities that work closely together 
(Ingham & Covey, 1992). 
For this study, costume technology should not be confused with digital technology 
use in costume. Costume technology is a term that has been used even before the integration 
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of the first computers in the costume shop. Using Tortora's basic definition of technology as 
"the use and understanding of tools, techniques, and processes that use these tools" (Tortora, 
2015, p. 1) to support the long-term non-digital technology use in costume, the following 
description is appropriate. According to Ingham and Covey (1992), costume technology is 
part of the entire costuming process, and costume technicians are responsible for the building 
of the costume. Therefore, the technology in the term costume technology is the drafting of 
the garment patterns using flat pattern and draping methods, the constructing of the costumes 
using sewing machines and pressing equipment, and the crafting of the textiles, accessories, 
and costumes using dyeing, sculpting, and distressing techniques (Ingham & Covey, 1992).  
As this review delves deeper into the differences between costume design and 
costume production, it assumes the traditional meaning of costume technology when 
discussing costume production. When discussing the roles of costume production, this study 
uses the definition of a costume technician as someone responsible for making the costume 
and emphasizes that it is not someone with skills in digital technologies. 
Costume design and costume production processes 
Costume design and costume production have different processes but work in a 
shared space known as the costume shop (Ingham & Covey, 2003). A costume shop is a 
workplace where the costumes are built and altered by the design and production staff. In 
addition to the design and production staff, there are managerial positions that assist with the 
running of a costume shop and wardrobe maintenance, but are not an intimate part of the 
design and production (Ingham & Covey, 2003). Most major theatres and film studios that 
have a costume shop enjoy both designers and technicians, but some smaller theatres may 
have designers that also do the building of the costumes (Anderson & Anderson, 1999). 
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Depending on the theatre, designers may be in residence or hired from outside, and some 
costume production may be outsourced. 
Costume design. Costume design is the area that designs, and a costume designer 
sketches all costumes and collaborates with the director, scenic designer, and the lighting 
designer. The costume designer and assistant costume designer are responsible for 
purchasing all fabrics and trims, pulling and shopping costumes, and attending fittings and 
meetings (Ingham & Covey, 2003). 
Wayne (2010) described costume design as unique as it is the “only design element 
that ‘moves’ with the performers” (p.231), and it needs “serve many masters: the play, the 
director, and the actors” (p.231). Wayne (2010) identified the following steps in the costume 
design process: (a) reading the script, (b) first meeting with the director, (c) research process, 
(d) second meeting with the director, (e) preliminary sketches, (f) final costume renderings, 
(g) presenting final renderings, (h) working with a costume shop, and (i) responsibilities 
during technical and dress rehearsals. Wayne’s (2010) costume design process does not take 
into account pulled or shopped costumes and does not mention some of the responsibilities 
listed by Ingham and Covey (2003).  
Each theatre, film studio, production, and direction has its unique ratio for the amount 
of pulled and bought costumes to the number of built costumes. Also, productions set in a 
modern context would more likely buy contemporary fashions to alter (Wayne, 2010); 
productions set in recent history might have access to a robust costume closet with vintage 
clothing to pull from; and productions set in a historical, futuristic, or fantastical context 
might not be able to buy or pull the envisioned costumes and therefore would build more of 
the pieces (Wayne, 2010). The decision to pull, purchase, or build depends on the vision of 
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the director and costume designer, the resources of the costume shop, and business 
considerations such as budget, time, and length of the run (Anderson & Anderson, 1999).  
The costume designer's visual plan comes from a sophisticated understanding of the 
director's concept (style, setting, mood, etc.); coordination with set, lighting, and sound; 
developing character analysis, and purposeful use of the elements and principles of design 
within the costume itself (Cunningham, 1989). 
Costume production. Costume production is the area that builds the costumes, and a 
costume technician is the person who does the building (Ingham & Covey, 2003). Costume 
production is made up of drapers/cutters, first hands, stitchers, craftspersons, and dyers. The 
draper/cutter works with the designer to interpret the costume sketches, then develops the 
patterns, cuts fabric, and plans construction process for each garment (Ingham & Covey, 
2003). They attend fittings and supervise alterations. The first hand is the draper/cutters 
assistant and is responsible for supervising the stitchers in their garment assembly. The 
craftsperson and dyer work with constructing accessories, fabric dyeing and painting, and 
costume distressing (Ingham & Covey, 2003). 
Importance of textiles in costume design and production processes. Costume 
design and costume production processes both put a strong emphasis on the textiles. The 
textiles that are sourced by the designer and the textiles that are manipulated by the 
technicians are of major concern in a costume build (Cunningham, 1989). In the textbook 
The Magic Garment, Cunningham (1989) describes textiles as "the medium through which a 
designer develops the costume" (p. 183). There is an entire chapter dedicated to choosing and 
adapting fabrics. It is critical to consider the desired visual effects of the costume and it is a 
driving force in fabric selection (Cunningham, 1989). Other considerations include the 
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appropriateness of period fabric, stress requirements, planned surface and structural 
treatments, and budget limitations (Cunningham, 1989). With this much emphasis placed on 
the fabrics, the benefits of DTP could significantly enhance the efficiencies and outcomes of 
costume design and costume production. Digitally printed textiles include skills provided by 
both the designer and the technician, and therefore could be integrated into both costume 
design and costume production processes. 
Crossover costume designer/technician 
Educators and practitioners often select design or production as their area of focus, 
however through education, training, and necessity designers and technicians have been able 
to work across areas. It is not uncommon for smaller regional theatres and costume shops to 
have one person who acts as the costume/set designer or as the costume designer/technician. 
Nor is it uncommon for costume programs to have curriculum requirements of both design 
and production for their students. 
Costume designers and costume technicians also have skill sets that make it possible 
to cross over to other disciplines, such as fashion design or textile design. Maloney (2014) 
looked specifically at the crossover designing between costume design at the Ballet Russes 
with fashion designers such as Poiret and Schiaparelli’s collaborative work with Dali. Hall 
(2013) studied the work of Adrian and identified him as a designer of both fashion and 
costume. The surface design skills of costume technicians provide an easy transition to textile 
design for art or fashion. Even the gap between textile and fashion design is closing in the 
mid to high-end markets, while in the lower markets it remains separate (Bowles & Isaac, 
2012). Bowles and Isaac (2012) propose that the rapid advancements in DTP technology, 
increased access to the technology and digital skills, and reduction in equipment and 
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production costs will allow DTD to continue to blur the boundaries between fashion, textiles, 
and interiors in all markets. 
Interdisciplinary Efforts in Academic and Technological Environments 
Interdisciplinary relationships, as well as makerspaces, innovation labs and digital 
textile and apparel labs, are integral components for creating new design and production 
process models for costume education. There has been a shift within post-secondary 
educational institutions to integrate students from different design disciplines to 
"interdisciplinary module groups" (Blair, 2011). Design students in costume, fashion, and 
textile design will need to build new skills for future practice. According to Faerm (2012), 
not only will apparel design students need to perform research at a deeper level to support 
their design ideas in a rapidly changing industry; they will also be expected to "engage with 
previously unrelated practices" (Faerm, 2012, p.218). LaBat and Knight (2015) suggest that 
promoting interdisciplinary research and education will strengthen the apparel and textile 
disciplines in academia and encourage student preparation for the future. Costume education 
already works within the interdisciplinary field that is theatre, and costume students are 
currently being trained to work collaboratively across the theatre disciplines. A viable way to 
also help strengthen apparel and textile programs is to extend the scope of disciplines with 
which costume students work. 
Theatrical fashion: Merging of fashion, textiles, and costume design 
Practitioners and scholars have varied views on the similarities and differences 
between costume, fashion, and textile design disciplines, and by comparison, can provide 
context for the potential solutions from this study. In many academic institutions, fashion 
design is housed in a different area than costume design, even though the process of creating 
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a garment for fashion or costume uses similar materials, techniques, and equipment. Maloney 
(2014) argues that the concepts, meanings, and methods for creating a garment for fashion or 
costume are not similar (Maloney, 2014). While costume design and costume production can 
almost always be found within the theatre discipline, fashion and textile design have 
numerous homes in academic institutions. Because of the tumultuous history of home 
economics, apparel design and textiles have seen various iterations, separations, and alliances 
with departments such as business, creative studies, fine art, human ecology, and design 
(Bye, 2010). However, this does not mean that there is no connection between fashion, 
textile, and costume disciplines. At some institutions, there are cross-discipline courses that 
are required by other programs, there are opportunities for collaboration between disciplines, 
and there are students who choose to make the connection stronger by bringing aspects of 
other disciplines into their work. New professionals may start in one discipline and then 
move seamlessly into the other because of the similarities and training and knowledge. 
Digital technologies: Implications on theatrical fashion 
The rapid growth of digital technologies applied in design practice suggests the need 
to implement them in design education (Britt, 2013; Treadaway, 2013). Fashion, textile, and 
costume design are similar in that they use many of the same materials and techniques and 
create a similar product, but the focus of each design discipline varies, and the amount of 
technical integration varies even more. For years fashion has used CAD programs for 
patternmaking and illustration and more recently for 3D visualization of garment 
construction and surface designs. As recent as 2012, dress scholar Bradley Quinn recognized 
that the fashion industry had embraced only a few of the digital innovations and wearable 
technologies, and yet since then a growing number of fashion designers have incorporated 
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both 3D printing of sculptural garments and accessories and use of wearable technologies 
(Quinn, 2012). Costume, fashion, and textile designers are using DTP at various levels as a 
way to customize, co-design, or engineer their printed surfaces. Even though this study 
focuses on DTP, a brief overview of supporting digital technologies impacting costume and 
theatrical fashion is included in the scope of the review of literature to provide context to this 
investigation. These supporting technologies include CAD, 3D printing, and laser cutting. 
Computer-aided design. Of the supporting technologies listed in this study, CAD is 
the first to have been integrated into fashion, textile, and costume disciplines. However, the 
types and levels of CAD use in industry and education vary significantly among the three 
disciplines. The fashion design industry uses CAD in rendering illustrations and technical 
flats, patterning, and merchandising (Romeo & Lee, 2013). CAD rendering uses some of the 
same software programs mentioned in the DTD section. Adobe Photoshop and Illustrator, 
Corel Paint and Draw, and graphic tablets promote artistic innovation. CAD can speed up the 
process of re-rendering or changing the digital renderings after they have been critiqued. 2D 
and 3D CAD patternmaking software, including EFI Optitex and Gerber, provide digital 
garment patterns that can be realized virtually and adjusted before they even go to 
prototyping. 
Many fashion design higher education programs have incorporated CAD into their 
curriculum as early as the 1990’s to better prepare their students (Romeo & Lee, 2013). 
Likewise, textile design higher education programs are teaching CAD textile design, and 
leading programs have built digital technology labs to house the equipment and provide 
support for use (Britt & Shaw, 2013). More recently, textile designers have been using CAD 
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to create surface designs so their designs are more compatible with the production processes 
of DTP and laser cutting (Carden, 2016). 
3D printing. In 2015 at the United States Institute for Theatre Technology (USITT) 
conference in Cincinnati, Ohio, Hanusiak, Kucharski, and Milam (2015) connected 3D 
printing with Costume Design and Technology. They presented how 3D printing 
technologies are currently being used in the industry and educational settings. Baylor 
University used the software programs, Sculptris and Meshmixer, to design sculpted bean 
and mushroom buttons for The Witch in Into the Woods and Adobe Photoshop and Illustrator 
to manipulate a digital scan of vintage lace to design a lace ruff (Hanusiak, Kucharski, & 
Milam, 2015). The designs were then printed using the university’s 3D printer.  
 Hanusiak (2015), a process engineer for Walt Disney, emphasized the industry’s 
importance of multi-discipline teams working with the costume designer’s creative intent. 
One of the major benefits to the costuming industry is the ability for rapid prototyping (RP). 
RP is a step in the digital development of costume elements that can be utilized during the 
development, prototype, and production phases. It is a relatively quick and inexpensive way 
to test out a design’s scale, fit, finish, and functionality before products are made (Hanusiak, 
2015).  
Laser cutting. Laser cutters were introduced in the 1970s and are now being used by 
the fashion, textile, and costume disciplines. There are different types of laser cutters, and 
most are compatible with vector based software programs such as Illustrator and CorelDraw 
(Rorah, 2016). A CO2 laser cutter is a machine that uses several mirrors and a lens to bounce 
beams of thermal energy to a particular spot to melt the substrate. Laser cutting can be used 
for a variety of needs – from a substitute for cutting out garment pieces to a way to achieve 
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highly intricate cutwork or engraving (De La Rosa, 2015). The capabilities of laser cutting 
have only been minimally explored in the textile and apparel industries (Rorah, 2016). Laser 
cutters, like 3D printers, are found in many makerspaces and university tech labs because of 
the relatively low cost and ease of use when compared to other technologies. 
Makerspaces, innovation labs, and digital apparel labs  
Makerspaces, innovation labs, and digital apparel technology labs are becoming a 
popular addition to university campuses and are changing the way practice-based learning is 
being taught. Academic institutions are actively supporting interdisciplinary relationships by 
providing access to emerging technologies in shared spaces known as makerspaces, fablabs, 
innovation labs, hackerspaces, etc. These shared spaces all stem from the same maker 
philosophy recognized by the maker movement. 
The maker movement. While the maker movement is a relatively new term, the idea 
of making things is not. Halverson and Sheridan (2014) remind us of the human need to 
make as far back as the ancient practice of cave paintings but identify the maker movement as 
a relatively new phenomenon. The maker movement refers to the "growing number of people 
who are engaged in the creative production of artifacts in their daily lives and who find 
physical and digital forums to share their processes and products with others" (Halverson & 
Sheridan, 2014, p.496). This movement is possible due to the "democratizing nature of 
making through cheap hardware, easy access to digital fabrication, and shared software and 
designs" within a makerspace (Halverson & Sheridan, 2014 p.497). The maker movement, as 
identified by Dougherty (2012), has emerged because of people's need to be more than just 
consumers with objects they acquire. Even though Dougherty (2012) is known for his 
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magazine "Make" and the event "Maker Faire," he admits the movement is mostly via the 
Internet (p. 11).  
Mark Hatch (2014), author of the "The Maker Movement Manifesto," describes how 
the maker movement builds on the DIY (do-it-yourself) ethos but takes the making from an 
individual space to a shared makerspace. By utilizing shared makerspaces, the maker no 
longer needs to own the hardware, tools, and square footage. Makerspaces include fab labs, 
hackerlabs, hackerspaces, membership-driven commercial machine shops, and independent 
spaces. Kohtala and Hyysalo (2015) reported the rapid growth of worldwide makerspaces to 
include over 450 fab labs and 1000 hackerspaces (not including the number of independent 
spaces) used by students, entrepreneurs, and hobbyists (Kohtala & Hyysalo, 2015). The 
support of interdisciplinary studies is promoting the use of makerspaces within and outside 
the academic setting.  
Theories and Design Process Models 
 Diffusion of Innovation Theory is perhaps the dominant theoretical perspective on 
technology acceptance; however, it is not exclusively concerned with technology (Dillon & 
Morris, 1996). Diffusion and technology acceptance studies show that innovations affording 
relative advantages, compatibility, and low complexity had the most significant influence on 
acceptance (Dillon & Morris 1996; Rogers, 2003). Related to Diffusion of Innovation Theory 
is Davis' (1989) Technology Acceptance Model (TAM), which predicts acceptance on 
perceived usefulness and perceived ease of use (Davis 1989, Davis, Bagozzi, & Warshaw, 
1989). The following literature explains the basis of the theories and models selected for this 
study, and presents the rationale for using them. 
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Rogers’ Diffusion of Innovation 
 Rogers' (2003) Diffusion of Innovation Theory defines diffusion as "the process in 
which an innovation is communicated through certain channels over time among members of 
a social system" and communication as the "process in which participants create and share 
information with one another in order to reach a mutual understanding" (p.5). Rather than the 
more accepted understanding of communication as a two-way process of convergence, 
certain acts of communication involved in diffusion are one-way. The linear conception of 
human communication described by Rogers and Kincaid (1981) fits the one-way 
communication act when a "change agent seeks to persuade a client to adopt an innovation" 
(Rogers, 2003, p.6). It is essential that the innovation is perceived as new and with this 
newness comes a degree of uncertainty about its diffusion. Of the four elements within 
Rogers' Diffusion of Innovations theory, (a) innovation, (b), communication channel, (c) 
time, and (d) social system, this study focused on innovation and time. 
Innovation. Innovation is the first element of Rogers’ Diffusion of Innovations 
theory. Rogers (2003) defines innovation as “an idea, practice, or object that is perceived as 
new by an individual or other unit of adoption” (p.12). It is the perceived newness and not 
the objectively measured newness of an idea that determines an individual’s reaction to it and 
their reaction may be positive or negative. Diffusion researchers are concerned about the 
adoption of innovations and seek to understand the differences between early and late 
adopters and rates of adoption. Rogers identifies the five perceived attributes of innovations: 
(a) relative advantage, (b) compatibility, (c) complexity, (d) trialability, and (e) observability 
to help explain the different rates of adoption.  
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Relative advantage is the "degree to which an innovation is perceived as better than 
the idea it supersedes" (Rogers, 2003, p.15). The relative advantage could be measured in the 
terms economic, social prestige, convenience, and satisfaction, and is measured by the 
individual; therefore, "objective" advantage has very little to do with relative advantage 
(Rogers, 2003). Compatibility is the "degree to which an innovation is perceived as being 
consistent with existing values, past experiences, and needs of potential adopters" (Rogers, 
2003, p.15). An incompatible idea often requires prior adoptions of new value systems, thus 
its adoption can be a slow process (Rogers, 2003). Complexity is the "degree to which an 
innovation is perceived as difficult to understand and use" (Rogers, 2003, p.16). The degree 
of complexity ranges from readily comprehendible to highly complicated and thus affects the 
rate of adoption – simpler innovations are adopted more quickly than innovations that require 
new skill development and understanding (Rogers, 2003). Trialability is the "degree to which 
the results of an innovation may be experimented with on a limited basis" (Rogers, 2003, 
p.16). Trialability allows the potential adopted the chance to try out the innovation with less 
uncertainty and to learn by doing (Rogers, 2003). Observability is the "degree to which the 
results of an innovation are visible to others" (Rogers, 2003, p.16). Visibility of the results of 
an innovation stimulates discussion among peers and prompts evaluation by the adopter. 
When individuals perceive innovations as “having greater relative advantage, 
compatibility, trialability, and observability and less complexity will be adopted more rapidly 
than other innovations” (Rogers, 2003, p.16). However, not all diffusion and adoption of 
innovations are desirable, nor should it be assumed that a favorable innovation for one 
individual or social system is favorable for all individuals or social systems.  
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According to Rogers (2003), technology and innovation are terms that are often used 
synonymously; partly because of most of the new ideas whose diffusion has been analyzed 
are technological innovations. Rogers defines technology as “a design for an instrumental 
action that reduces the uncertainty in the cause-effect relationships involved in achieving a 
desired outcome” (Rogers, 2003, p.13). He further explains the two components of 
technology – hardware (the tool) and software (the way the tool it is used) - a technology 
almost always represents a mixture of hardware and software (Rogers, 2003). 
Rorah (2016) applied Roger's (2003) Diffusion of Innovation theory to a study 
involving laser cutting and etching textile in the apparel design creative process. The 
researcher observed the need to make the innovation useable; therefore, a manual for how to 
use the tools was created and tested (Rorah, 2016). Blackburn (2011) investigated millennials 
and the adoption of new technologies in libraries through Rogers' (2003) Diffusion of 
Innovation theory. The research suggested that millennials act as change agents by using 
specific communication channels to change peer attitudes towards adoption of new tools 
(Blackburn, 2011). The finding of their studies informed the way the results of the experience 
prototypes were disseminated. 
Time. Time is the third element in Rogers' Diffusion of Innovation theory and is 
recognized as one of its strengths regarding diffusion research. The innovation-decision 
process mentioned previously in the innovation section of this review is only one part of the 
time dimension involved in the time element. The other parts of the time element include the 
relative earliness or lateness with which an innovation is adopted and the innovation's rate of 
adoption in a system. All three parts of the time element will be discussed further (Rogers, 
2003). 
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Rogers (2003) defines the innovation-decision process as passing of " first knowledge 
of an innovation to the formation of an attitude toward the innovation, to a decision to adopt 
or reject, to implementation and use of the new idea, and to confirmation of this decision" 
(Rogers, 2003, p.20). The innovation-decision process involves time because the five stages: 
(a) knowledge, (b) persuasion, (c) decision, (d) implementation, and (e) confirmation are 
typically a time-order sequential process. Occasionally, the stages are re-ordered, as such 
when a unit other than the individual has made the decision stage before the persuasion 
stage. The innovation-decision process is the process in which the individual obtains 
information about an innovation to decrease the uncertainty of the innovation using both 
mass media channels and interpersonal channels to lead to the decision of either adoption or 
rejection. 
The relative earliness or lateness with which an innovation is adopted is in 
comparison to other members of a system (Rogers, 2003). Adopter categories have been 
developed to provide a clearer understanding of the relative time at which an innovation is 
adopted. Innovators, the active information seekers, are the first to adopt a new idea and are 
followed by (in order of relative time) early adopters, early majority, late majority, and 
laggards. The innovation’s rate of adoption in a system refers to the relative speed of the 
adoption. The rate of adoption is usually calculated by the length of time required for a 
certain percentage of a system’s members to adopt. 
Time was important to this study because of the innovation-decision process. During 
the documentation and dissemination of this study, each of the five stages will be considered: 
(a) knowledge, (b) persuasion, (c) decision, (d) implementation, and (e) confirmation.  
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Technology Acceptance Model 
 Davis' (1989) TAM theorizes that perceived usefulness and perceived ease of use are 
the two beliefs that determine an individual's behavioral intention to use a system (Davis, 
1989; Dillon & Morris, 1996; Venkatesh and Davis, 2000). TAM is derived from the Ajzen, 
and Fishbein's (1980) Theory of Reasoned Action, yet differs in that it excludes subjective 
norms from the model and proposes a direct path from perceived usefulness to intention 
(Dillon & Morris, 1996). The goal of TAM is to "provide an explanation of the determinants 
of computer acceptance that is general, capable of explaining user behavior across a broad 
range of end-user computing technologies and user populations, while at the same time being 
both parsimonious and theoretically justified" (Davis & Venkatesh, 1989, p.985) and to 
identify design problems before user experience (Dillon & Morris, 1996). 
Since Davis introduced TAM in 1986, it has continued to evolve and progress 
through model validation, model extension, and model elaboration (Lee, Kozar, & Larsen, 
2003). Even though TAM has been considered to be one of the most widely applied models 
(Lee, Kozar, and Larsen 2003, p. 752), it is not without criticism. Lee, Kozar, and Larsen 
(2003) challenged the future trajectory of TAM by critically examining TAM's history and its 
findings (Lee et al., 2003). They surveyed thirty-two leading information system researchers 
and identified the perceptions of value and shortcomings of TAM. The findings indicated that 
the model and research rigor that TAM has provided is value added; however, TAM's 
overuse, narrowness, and simplicity were detractions (Lee et al., 2003). For this study, the 
researcher is investigating the perceived usefulness of digital technologies in costume design 
and production education and creating costume design process models to promote ease of 
use.  
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Boehm’s Spiral Model of the Software Process 
In Boehm’s model (1988), the risk-driven software process is represented as a spiral 
rather than a linear sequence illustrated in Figure 2.7. This framework places a strong 
emphasis on prototyping and re-designs and shares the usability concerns of engineering 
specialists. Like socio-technical theorists and Human-Computer Interaction (HCI) 
researchers, the model intends to provide pragmatic techniques to increase acceptability 
(Dillon & Morris, 1996). Each loop in the model is divided into the following four sectors: 
Objective setting, risk assessment and reduction, development, and validation, and planning. 
The spiral model was built upon previous models, such as the Waterfall model, that relied on 
feedback between the stages of design (Boehm, 1988). Boehm's model uses its spiral shape 
to emphasize the back and forth movement between the stages of design. Essential 




       Figure 2.7. Boehm’s (1988) Spiral Model 
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the entire process. Each iteration provides information that can be used for previous or future 
processes and solutions.  
Parillo-Chapman (2008) investigated this model during her dissertation work. The 
main reasons for reviewing Boehm's model was for the back and forth movement that the 
spiral-shaped allowed, the need to fit set objective in each stage of the process, and its need 
to continually consider alternative solutions or processes. 
Design Process Models  
In its purest form, the design process can be viewed as having three basic 
steps: (a) analysis, (b) synthesis, and (c) evaluation (Swann, 2002). More complex 
models include multiple steps, variations of linear and circular progressions, and 
different approaches considering aspects of the design process. The literature on the 
design process varies, but a consensus view points out that the design process shares 
commonalities with empirical research. They both include the steps: research 
problem(s), analysis, synthesis, execution, production, and evaluation (Swann 2002). 
The significant difference is the progression through the steps. Typically, empirical 
research proceeds linearly, whereas the design process vacillates between cyclical and 
linear. In Engineering Design Methods, Cross (2001) provides insight into another 
fundamental difference in his comprehensive review of design methodologies as he 
summarizes the difference between the scientific method and the designer's approach 
to problem-solving. Scientists problem-solve by analysis and use "problem-focused" 
strategies, and designers problem-solve by synthesis and use "solution-focused" 
strategies (Cross, 2001, p.21). An inherent part of design studio practice research, as 
in qualitative and quantitative research, is moving from the known to the unknown. 
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Perceptions of how artists create can range from spontaneous inspiration and making, 
to deeply researched ideas and methodically calculated steps. Even when it is assumed that 
the artist's work comes entirely out of the blue, there are studies to disprove this. In 
discussing the phases of the design process, Watkins (1988) emphasizes that "those ‘flashes 
of brilliance' are rarely, if ever, isolated strokes of creative genius but rather the result of 
hours, weeks, or even years of disciplined preparation of the mind to be ready for that 
revelation" (p. 12).  
The universal traveler model. Watkins (1988) uses Koberg and Bagnall’s step-by-
step model from the Universal Traveler to emphasize the importance of teaching the design 
process to develop students’ abilities to solve problems. Koberg and Bagnall’s (1974) model 
categorizes the seven phases as acceptance, analysis, definition, ideation, idea selection, 
implementation, and evaluation. This particular model is well-referenced within the apparel 
and textile design disciplines and therefore is appropriate to use for the costume discipline. 
The Universal Traveler model starts with acceptance as a way for the designer to 
become motivated by the problem. It is important to realize the parallelism between a design 
problem and a research problem, meaning it is a phenomenon to be solved (Cross, 2001). The 
next phase is analysis, where the designer is charged with researching all aspects of the 
design situation, followed by the often-overlooked definition phase. The definition needs to 
state the problem after it has been analyzed, not stating the solution. Ideation is the phase 
most familiar to the design process; it is the creative idea-generating work. Unfortunately, 
designers may tend to jump to this stage before fully participating in the previous phases and 
ultimately become frustrated with the lack of ideas created. Ideation leads to multiple ideas 
that lead to the fifth phase, idea selection, where a designer must step back and edit using 
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both a subjective and objective eye. Implementation, the sixth phase, is the process taking 
form; a product is created and finished so it can go through the last phase, evaluation 
(Watkins, 1988, p.13). Here the product may be evaluated in various settings: the designer 
self-reflecting, the peers critiquing, the evaluator grading, the customer assessing, the viewer 
contemplating, etc. 
Design thinking process model. Design thinking is an approach to creative problem 
solving that relies on rigorous observation and the synthesis of new ideas (Brown, 2009). 
Design thinking practices of the companies IDEO and Patagonia rely on interdisciplinary 
efforts to come up with holistic solutions to design problems (Brown, 2009). Beckman and 
Barry (2007) suggest the idea of interdisciplinary must also include diversity in learning 
styles as well as diversity in discipline. The philosophy of design thinking has evolved into 
the designer becoming an integral role in the entire process, someone who is brought in at the 
beginning of an idea (Brown, 2009). Brown (2009) claims that when he was a designer in his 
earlier days, he simply was a connection between the engineering department and the 
marketing team. Now as a design thinker, Brown is part of an interdisciplinary team that 
participates in divergent and convergent thinking (Brown, 2009). 
Design thinking has a creative process model similar to the Universal Traveler Model 
but emphasizes empathy for the audience at the pre-production stages of a design and 
returning to the audience for feedback during the production stages. It is a continuous loop 
that works back and forth between the five stages: empathy, define, ideate, prototype, and 
test. Similar to Boehm’s model, the design thinking model each reflection provides 
information that can be used for seeking alternative or multiple solutions. 
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Documenting the Design Process 
To successfully record their design process, artists must face the challenges of 
effectively documenting studio methods (Schön, 1987). De Freitas (2002) states that 
documentation of studio practice is the core issue for a better understanding and explanation 
of practice-based research. Studio documentation is essential for the reflection, planning, and 
writing stages within the design process (de Freitas, 2002; Marshall, 2010; Schön, 1987). 
Nimkulrat (2007), a fiber artist doctoral student, claims: 
As a researcher, I would not have realized how I could employ and analyze my 
artistic process as evidence relevant to my research without the help of 
documentation. As a practitioner, without multiple methods of documentation, I 
would have never been critical of my own creative process. Finally, as a practitioner-
researcher, documentation has raised my understanding of how practice-led research 
could be carried out. (p. 7) 
There are different ways to use documentation as method; the first is the direct recording of 
the work in progress and the second is the reflecting of completed work to serve as an 
informational tool. Studio practice documentation has been helpful in making and explaining 
decisions (de Freitas, 2002); therefore, it can also aid in the flow of the design process. A 
potential issue might be realized through direct recording documentation of the work in 
progress that leads to reflective documentation before the work is completed. Documentation 
can then serve as justification for the change in the original plan or merely as a reaffirmation 
of the original plan.  
Artists and designers use varied ways, both established and unestablished, to 
document their process. Artists have traditionally utilized sketchbook, journals, diaries, and 
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photographs to record their artistic journey (de Freitas, 2002; Marshall, 2010; Schön, 1987). 
Today, with the involvement of technology and increased validity of practice-led research, 
artists have more options and more obstacles. One of the challenges with documenting studio 
work is the uniqueness of each artistic discipline (Plummer, 2013). A one size fits all 
approach to a framework or model for documenting the design process is not possible, not to 
mention the increasing tendency of designing across multiple artistic disciplines. For there to 
be effective, unique discipline or cross-discipline documentation that is considered valid, 
there needs to be a flexible framework wherein artists can choose multiple documentation 
methods to best suit their unique design process. 
Specific steps or phases are naturally documented, such as sketching a plan and 
creating an artifact and are assumed a regular part of studio recording. The use of reflective 
practice as part of the documentation method is more challenging to validate than 
observation and process (Schön, 1983). The critiquing process, both as self-reflection or 
viewer evaluation, becomes a valid component to the documentation and needs to be 
integrated into the systematic process (de Freitas 2002). This type of documentation, when 
strategically planned and systematically implemented, provides instances of insight and 
redirection that might be missed. Reflection does not necessarily fit into established 
frameworks because of when it is processed by artists and designers, usually after. Knowing 
intuitively how and when to stop and reflect consciously is a skill that artists need to acquire. 
Later in this research, it becomes clear that reflection is made more accessible through the 
use of technological tools. 
The method of making, reflecting, and writing begins with the research question to 
provide the grounds and direction of the research. There is a constant movement among the 
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making, reflecting, and writing; making the evaluation and theorizing as much of the creative 
process as the technical, artistic practice. Even the initial research question evolves, as the 
product evolves suggesting a helical research cycle (Marshall, 2010).  It is critical that the 
documentation follows the fluctuating cycle to record the series of events honestly. 
Summary of the Literature 
The literature revealed that digital technologies, such as DTP, 3D printing, CAD, 
laser cutting, and wearable electronics, are currently being utilized in current costume and 
theatrical design practice. These technologies are increasingly being taught in fashion and 
textile design programs but only a few are being introduced into costume design and 
production education. As the need for technologically skilled costumers grows to 
accommodate the advancements in the costume industry, the need to train costume design 
and production students in multiple digital technologies will increase. 
A review of available costume textbooks used in academic settings demonstrates the lack 
of documented technological integration into costume pedagogy. During this study, known 
design process models were adapted and various forms of design and production documentation 
were used to support the dissemination of the research. According to TAM and Diffusion of 
Innovation Theory, the new costume design and production process model will need to be 
perceived as useful and easy to use. Rorah (2016) found the creation of a manual helped to 
promote acceptance and Blackburn (2011) found that millennials work as the change agents in 
Rogers’ (2003) Diffusion of Innovation theory. The findings from these studies will help inform 
the direction of the experience prototypes in this study. 
There are numerous studies on integrating DTP in textile and fashion programs, yet 
there is a significant gap in the literature for DTP processes in costume programs. Because of 
 65 
the similarities in fashion, textile, and costume, it is possible to adapt technology integration 
methods of fashion and textiles education into costume education. As a practitioner/educator 
who has worked and taught in the three disciplines, it is vital not to overlook the connections 
between the fields and consider various interdisciplinary perspectives within the academic 
environment.  Gaining knowledge in how university makerspaces, fashion and textile labs, 
and interdisciplinary efforts are impacting costume programs will provide valuable insight 
into the untapped potential and/or successful connections.   
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CHAPTER 3. METHOD 
Research Approach 
The research process model (Figure 3.1) outlines the proposed design and research 
methods for the semi-sequential qualitative study which was conducted in three phases: (a) 
Phase 1: Trend Analysis of DTP use in Costume and theatrical fashion, (b) Phase II: 
Interviews with Costume Design and Production Educators, and (b) Phase III: Creation of 
Experience Prototypes. As research data were gathered and analyzed, the findings informed 
the other phases. A taxonomy of DTP use in costume and theatrical fashion design was built 




Figure 3.1. Research process model (see Appendix B for larger image) 
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Qualitative research is used to address a research problem in which the variables are 
unknown and in need of exploration (Creswell, 2015). The mode of inquiry for qualitative 
research is “emergent and evolutionary in its process” (Creswell, 2015, p.66). Saldaña (2011) 
described different genres of qualitative research and supports the use of combining genres 
within one study. Using Saldaña’s position, this study used different qualitative methods for 
each of the three phases. 
A researcher in a qualitative study plays an important role in all stages of the study. 
According to "many within the field of qualitative inquiry" (Saldaña, 2011, p.22), the 
researcher is considered to be the primary instrument of the project. The subjects and 
methods of research are influenced by a researcher's life experiences, knowledge, identity, 
beliefs, and attitudes. In qualitative research, the researcher's epistemology is referred to as a 
theory of a researcher's worldview as the basis of knowledge construction (Creswell, 2015). 
In this dissertation study, the researcher's postmodern perspective supports the idea that 
knowledge is constructed within the individual and understands the lack of "objective" or 
"bias-free" lenses of qualitative researchers, as described by Creswell (2015). 
For purposes of this study, the researcher/designer has defined theatrical fashion 
design as garments that incorporate costume, fashion, and textile design theories, processes, 
and technologies. Costume design is associated with dressing an individual character, haute 
couture fashion is associated with a custom-designed garment for a single client, and bespoke 
textile design is associated with surface design for a sole purpose. The researcher/designer 
looked to the practices of haute couture fashion and bespoke textile design and to the 
pedagogy of fashion and textile programs that are integrating digital technologies to adapt 
methods for costume education.  
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The purpose of this study was to investigate the use of DTP service companies in 
costume/theatrical fashion practice, to examine the impact of DTP on costume design and 
production education in postsecondary programs, and to provide models to integrate digital 
textile design and printing for educators. Since DTP is a technology that is newly emerging 
in costume practice (Darragh, 2011; Muscha, 2013), this study used the process of digital 
textile design and DTP as a way to explore alternative methods to make digital technologies, 
specifically DTP, more accessible. This study defined the current trends of DTP in costume 
and theatrical fashion design practice, as promoted by online DTP services, and identified 
DTP's role in costume education. In addition to DTP service companies, this study 
investigated how university makerspaces, innovation centers, digital apparel technology labs, 
and interdisciplinary studies are impacting costume design and production education.  
Three methods of collecting qualitative data were used in this research: (a) trend 
analysis of current costume design use of DTP, (b) analysis of interviews with costume 
design and production educators, and (c) evaluation of a series of EPs detailing a proposed 
process for integrating DTP into costume design and production education. Through trend 
analysis of pictorial evidence: (a) current DTP use in costume/theatrical fashion design 
practice was examined, and (b) a taxonomy of digital textile design use attributes was 
generated. Through interviews of costume design and production educators at postsecondary 
institutions: (a) the application and perception of digital technologies, specifically DTP in 
costume design and production education was investigated, (b) approaches for costume/ 
theatrical fashion design directions were suggested, and (c) viable solutions for integrating 
digital applications in current costume design and production programs were provided. The 
results from the trend analysis and the interviews were used to build a taxonomy for the 
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direction of the experience prototype series. Through EPing, (a) existing design process 
models were adapted to accommodate designing digital textile design and DTP to achieve 
established attributes, (b) the taxonomy was tested and (c) the proposed models were 
validated. 
The following sections explain the rationale for the research methods chosen and 
describe the strategies for the use of the methods. Trend analysis of online DTP service 
companies, interviews with costume educators and on-line DTP service companies, and 
EPing were valid methods for gathering the research data for this study. Phase I and Phase II 
were conducted simultaneously. As the initial coding was conducted during both phases, the 
emerging themes and concepts helped to inform the revisions to coding guides and interview 
questions. It was important that the development of the taxonomy of DTP attributes used to 
guide the EPs accurately reflected the presentation and perception of DTP use in costume 
design and production practice and education. 
Phase I. Trend Analysis 
The purpose of Phase I of this study was to investigate the use of online DTP service 
companies in costume/theatrical fashion practice. By using images of costume/theatrical 
fashions that utilize DTP, the researcher/designer was able to identify aesthetic and 
functional trends to understand the use of DTP service companies. Visual analysis has been a 
research methodology used by fashion and costume scholars as a way to document the 
aesthetic details and characterizations of costume (Cosbey, Damhorst, & Farrell-Beck, 2002; 
DeLong & Petersen, 1998; Hall, 1989; Severa & Horswill, 1989). Severa and Horswill 
(1989) described costume as a tool for primary data collection and stated that visual analysis 
is one approach to material culture research. Their four-step procedure includes: (a) 
 70 
identification, (b) evaluation, (c) cultural analysis, and (d) interpretation (Severa & Horswill, 
1989). During their identification step, a complete description of the production date, maker, 
materials, and construction is fully documented. Severa and Horswill (1989) explain that 
evaluation focuses on the examination of costume aesthetics, including the elements and 
principles of design, and quality. They describe the discerning of the costumes’ original 
meaning and function as the cultural analysis step and the historical relevance of the object as 
the interpretation step (Severa & Horswill, 1989). In this way, the last two steps rely on the 
researcher's ability to synthesize knowledge with data documented in the first two steps. 
DeLong and Petersen (1998) and Cosbey, Damhorst, and Farrel-Beck (2002) 
developed visual analysis instruments to apply to their material culture studies. DeLong and 
Petersen (1998) supported the use of DeLong's aesthetic framework when they applied the 
framework to their historical object-based study. They emphasized the importance of 
examining the garments collectively as well as individually. Through DeLong and Petersen's 
(1989) collective analysis, prominent "characterizations" can be identified and, repeated 
aesthetic elements can provide distinctions from other garments. Cosbey, Damhorst, and 
Farrel-Beck (2002) specifically looked at the pictorial evidence to develop an instrument for 
visual analysis. They also systematically documented aesthetic elements and principles of 
design. Hall (2013) created a new visual instrument when she combined both object-based 
and image-based fashion methodologies since her study "involved examining three-
dimensional objects (costumes) through a two-dimensional medium (film)" (p.75). 
In this study, 3D objects (costumes and theatrical fashions) were examined through a 
2D medium (screenshots). The purpose of the new trend analysis instrument created for this 
study was to identify prominent trends, what DeLong and Petersen (1989) call characteristics 
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in DTP use in costume/ theatrical fashion designs. The trend analysis instrument adapted the 
four-step process of Severa and Horswill (1989) and incorporated the physical traits of style, 
shape, and textile components of DeLong’s aesthetic framework and the documentation of 
the elements and principles of design of Cosbey, Damhorst, and Farrel-Beck (2002). 
Sampling 
 During the first part of Phase I, data were collected through visual analysis of DTP 
trends in costume and theatrical fashion images as promoted by online DTP service 
companies. The costume and theatrical fashion images were obtained via the web from 
online DTP service companies. The DTP service companies, also known as DTP bureaus, 
were identified by conducting a web Google search using the following keyword searches: 
(a) "DTP services for costumes," (b) "bespoke digital textile printers," and (c) "DTP 
bureaus." An Excel spreadsheet (Figure 3.2) was created to gather the data from the web 
search to include the web search keywords, each website's position on the list, and additional 
links (if any) provided to other DTP websites.  
 
Figure 3.2. Spreadsheet section to gather data for online DTP service companies 
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 The first keyword search “digital textile printing services for costumes” resulted in 
eight links to DTP service companies and one link in the third position, which was an article 
on DTP for costume featuring seven links to DTP service company websites. The second 
keyword search “bespoke digital textile printers” resulted in two links to DTP service 
companies (one of which was a repeat from the first keyword search) and one link in the 
third position, which was an article on UK-based DTP for costume featuring eight links to 
DTP service company websites. Additional online companies were selected based on 
information obtained during the educator interviews in Phase II.  
After the keyword searches, each website was visited, and additional information was 
added to the spreadsheet. That information included any photos of costumes/theatrical 
fashions utilizing DTP, any text that supported costume designers, and any design support 
through explanation or tutorials. The researcher and one of the advisors compared the list of 
the top 20 results and agreed on the on-line DTP service company/bureau sites that promote 
DTP for costume and/or theatrical fashion design would be used to gather the screenshots. 
During a two week period, each website in the sample was visited, and screenshots 
were taken of all images categorized as costume, costume for stage, costume for dance, 
costume for ballet, costume for film and/or television, and fashion. Screenshots were also 
taken of each website's homepage, tab setups, all screens that included the word costume, and 
tutorial/resource pages. The additional screenshots provided the potential for content analysis 
if more information was needed after the trend analysis was conducted.  
Data collection and instrument development 
The following section presents the specific measures for the screenshot data 
collection and the development of the trend analysis instrument. Screenshots were taken of 
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garments identified as costume, costume for stage, costume for dance, costume for ballet, 
costume for film and/or television, and theatrical fashion from the sample. Each screenshot 
was initially placed into the corresponding on-line DTP service company’s digital folder. The 
collection of images was further narrowed to fit the criteria for the sample. To qualify for this 
study, the images needed to be of a costume/theatrical fashion or a group of 
costumes/theatrical fashions that use DTP in any capacity. Some of the garments identified 
by the on-line DTP service company as costume, costume for stage, costume for dance, 
costume for ballet, costume for film and/or television, and fashion used printing methods 
other than DTP. All valid costume/theatrical fashion design screenshots were copied, 
cropped, and placed in one common digital folder. Unique numbers were assigned to each 
screenshot in this folder and then randomized so the sample for the first round of coding 
would be from across DTP service companies. 
The visual framework for this study included components of DTP characteristics; 
therefore, a trend analysis instrument was developed by the researcher/designer and advisor 
to document visual characterizations. The trend analysis instrument allowed for structured 
documentation of the elements and principles of design and DTP characteristics based on the 
characteristics identified in literature review. Additionally, grounded theory methods were 
applied to open thematic descriptions of DTP use to allow for new trends to emerge. The first 
draft of the trend analysis consisted of a table using the visual analysis instruments of Hall 
(1989) and Cosbey, Damhorst, and Farrell-Beck (2002) to guide the aesthetics and 
characteristics documentation, and contained additional columns for the open coding. The 
trend analysis instrument was consistently discussed and revised during the data analysis. 
The final version of the trend analysis instrument is in Appendix C.  
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Data analysis 
The objective of this part of Phase I was to identify trends of DTP use in costume and 
theatrical fashion design as promoted by online DTP service companies. The first round of 
coding consisted of 25% of the randomly ordered screenshots. Working independently, the 
researcher/designer and audit-coder used the first draft of the trend analysis instrument to 
code first half of the 25%. As with numerous qualitative studies, an audit-coder was used to 
ensure reliability and un-biased perspectives. Emerging trends, in addition to the attributes 
identified in the first draft, were discussed after each group of screenshots was coded. 
Through constant comparison, both the researcher and audit coder interpreted the 
categorizing of the attributes and edited the trend analysis instrument to reflect the emerging 
DTP trends to maintain inter-coder reliability and validity.  
The inter-coder agreement was calculated by multiplying the number of codes by the 
number of agreements and dividing by the sum of the total number of codes assigned by the 
researcher and audit coder (Creswell, 2013). The goal of this study was to reach higher than 
.90, yet .80 is acceptable in most situations. The researcher and audit coder negotiated all 
disagreements and checked trends and attributes to clarify findings. The trend analysis 
instrument provided a way to document and analyze the DTP aesthetic and functional 
attributes promoted for costume design use as promoted by online DTP service companies. 
The finding from Phase I were later combined with the results from Phase II to guide the 
design direction for Phase III. 
Phase II. Interviews with Costume Design and Production Educators 
The purpose of this phase of the study was to examine the impact of DTP on costume 
design and production education in post-secondary programs. By conducting semi-structured, 
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in-depth, one-on-one interviews, the researcher/designer was able to gain insight and deep 
understanding of how DTP is currently used in education. The open-ended questions asked 
during the interviews are meant to capture the participants’ experiences and explore a central 
phenomenon – two characteristics identified by Creswell (2015) when discussing qualitative 
research. Creswell (2015) defines a central phenomenon as "the key concept, idea, or process 
studied in qualitative research" (Creswell, 2015, p.16) that needs to be explored and 
understood. The central phenomenon of this phase was the application and perception of 
DTP in costume design and production education. To gain insight on the perspectives of the 
educators, the researcher/designer based the semi-structured interview questions on four 
categories: academic and professional background, costuming and DTP, current costume 
department, and educational costume technologies. The series of questions looked into the 
use and opinion of other digital technologies in costume education to provide context to 
technology acceptance. Additionally, the interviews included questions to illuminate the 
impact that makerspaces, innovation centers, digital apparel technology labs, and 
interdisciplinary studies have on costume design and production education. The qualitative 
research method focused on the attitudes of the participants, and the grounded theory 
approach allowed the researcher to interpret the emerging themes (Creswell, 2007).  
Participants 
Purposive sampling was the most suitable strategy for the selection of participants. In 
a grounded theory study, shared experience among individuals is the basis of their selection 
of participants. Glaser and Strauss (1967) stress that random sampling is not required in a 
study when the relevance of the potential participants is paramount. For this phase of the 
study, the sample consisted of costume design and/or production educators at higher 
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education institutions that either had: (a) well-known costume programs and/or (b) 
established on-campus academic makerspaces/innovation centers. An initial list of potential 
higher education institutions that have costume design and/or production/technology was 
compiled starting with the Alphabetical List of Training Programs for costume design found 
at www.costumesurvey.info/survey/alpha. A table was constructed to include the institution's 
name and level of costume design/production/technology education offered. These schools 
were then cross-referenced with schools that had makerspaces to identify information in the 
next columns, including which types of academic makerspaces, innovation centers, and 
digital apparel technology labs were at each institution. 
For institutions not cross-referenced, the makerspace information was gathered 
through a web search on each institution’s website. These institutions’ websites were also 
used to identify faculty members who teach costume design and/or costume 
production/technology. Their names and contact information were added to the table. 
Participants were also found through the researcher/designer's personal and academic 
contacts as well as a snowball method during the interview phase. Interview participants 
often gave names of fellow educators who were using DTP either in the costume practice or 
their pedagogical perspective. 
Survey design 
 An informational letter (see Appendix D) describing the study was sent out to 
potential participants after approval was obtained from the university’s Human Subjects 
Committee. Forty-two letters were sent out via email, and a total of sixteen costume 
educators expressed interest. Those who agreed to be interviewed were contacted to schedule 
a face-to-face, Skype, or phone interview. All interviews were audio-recorded with two audio 
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sources. A total of twelve costume educators were interviewed, a number deemed appropriate 
number because the collected data reached a level of saturation; at this level, no new 
information was seen in the data (Strauss & Corbin, 1998). 
  Prior to the scheduled interview, the participants were asked to sign an informed 
consent form (Appendix E) and a personal data sheet (Appendix F). The personal data sheet 
was meant to gather demographic data before the interview, thus allowing for more robust 
questions during the face-to-face interview. Each interview, which used semi-structured 
strategies, lasted between an hour and an hour and a half. The interview protocol sheet 
(Appendix G) was the agenda; however, the impact of a semi-structured strategy comes from 
the participants’ freedom to fully delve into topics without excessive guidance from the 
researcher (Merriam, 2002). Each interview began with background questions to build 
rapport between the researcher/designer and participant.   
  This study's background questions included "Do you identify as a costume designer 
or costume technician, or both?" and "How did you become a costume designer/technician?" 
The background questions continued to gain information about their work as a costume 
practitioner and included "At what stage in the design process do you select your textiles and 
how do you select them?" and "What types of digital technologies, if any, do you use in your 
costume design/production process?" The educator's understanding and perception of DTP 
was fundamental to this study; therefore, the following questions were used: "How would 
you define DTP?" and "For what reasons do you think DTP is being used in the costume 
design industry?" The reasons were requested in terms of benefits, limitations, potential, and 
challenges. The questions then moved to ask about their role as a costume educator and to 
describe their costume program, interdisciplinary work with other departments, and course 
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requirements. The next series of questions asked specifically if DTP was taught as part of 
their surface design course and then asked, "What other surface design techniques are 
taught?" and "What do you feel are the main reasons for teaching surface design 
techniques?”. The questions then moved to "What types of digital technologies does your 
department use?" and "Are these technologies housed within the department, within the 
university's makerspace (etc.) or off campus within service companies?" The questions 
continued to ask how the students gain access and knowledge for the technologies. The 
interview concluded with summary questions based on previous answers from the 
participant. Each was asked either, "If you are currently integrating DTP…what are the 
challenges, successes, and suggestions you would like to share?" or "If you are not currently 
integrating DTP…are you considering it, if yes, what suggestion could you make to promote 
DTP use in your program, or if not can you explain why?"  
 A pilot study was conducted with a costume design educator, which allowed the 
researcher to revise questions, modify sequence, and improve techniques before the sample 
interviews. The researcher/designer continued to revise, modify sequence, remove or add 
questions based on reflections from previous interviews. Even the face sheet was modified 
over time. The final versions of the face sheet and interview protocol can be found as 
appendices. After each interview, the researcher/designer recorded reflective commentary as 
detailed memos and notes (Creswell, 2007; Glaser and Strauss, 1967). The memos reflected 
on procedures and perceptions of the data collection, as well as emerging patterns in the data. 
Data analysis 
The recorded interviews were professionally transcribed verbatim and then coded 
using grounded theory method. As common with grounded theory, the data analysis was 
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conducted in three stages (Strauss & Corbin, 1998). During the open coding stage, an audit 
coder independently read and analyzed every fifth transcript as part of the constant 
comparative method. A preliminary codebook was created and revised as the number of 
interviews read increased. The codebook included code names, definitions, and criteria and 
allowed for themes to emerge from the data. The use of an audit coder prevented the 
researcher’s personal bias or preconceived concepts from being imposed on the data 
(Creswell, 2013). As themes were classified, the second stage, axial coding, began with 
identifying connections between certain concepts while other codes were still being 
developed. The final coding guide can be found in Appendix I.  
The last stage in this phase consisted of selective coding where the 
researcher/designer was able to form a theory grounded in the perceptions of the participants 
(Strauss & Corbin, 1998). The central phenomenon discussed previously in this chapter was 
identified as the core category. Examples from the data were used to validate the relationship 
of the categories to the core. Through constant comparison, the researcher/designer revisited 
multiple transcripts, the review of literature, the taxonomy draft, and the existing theories of 
technology and diffusion to support the theory that was developed. 
Trustworthiness 
To ensure trustworthiness in this phase of the study, multiple measurements were 
conducted to achieve the dimensions identified by Lincoln and Guba (1985): credibility, 
confirmability, dependability, and transferability. In this study, the application of grounded 
theory methods fostered confidence that the data accurately represented the phenomena and 
that a level of saturation was reached (Strauss & Corbin, 1998). The researcher's familiarity 
with the phenomena under investigation also demonstrated credibility. However, as personal 
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familiarity can also be an area of bias, confirmability was achieved through the use of an 
audit coder. The audit coder helped prevent the researcher’s personal bias or preconceived 
concepts being imposed on the data (Creswell, 2013).  
Similar to Phase I, it was important to reach a level of inter-coder reliability above the 
threshold recommended by qualitative scholars to lend trustworthiness to the finding of this 
phase of the study. The inter-coder agreement was calculated by multiplying the number of 
codes by the number of agreements and dividing by the sum of the total number of codes 
assigned by the researcher and audit coder (Creswell, 2013).  As previously mentioned, the 
goal of this study was to reach higher than .90, yet .80 is acceptable in most situations 
Creswell, 2013). The researcher and audit coder negotiated all disagreements and checked 
themes and sub-themes to clarify findings. Confirmability and dependability were supported 
through the use of reflective memos by the researcher after each interview and during coding 
and analysis (Lincoln & Guba, 1985). Transferability is the last dimension of trustworthiness 
and will be achieved by presenting findings that can be transferred to other groups (Lincoln 
& Guba, 1985). The taxonomy and models resulting from this study can be applied to DTP 
beyond costume design and production education. 
Development of the Taxonomy for DTP Attributes  
Phase I of this research examined current on-line DTP service company trends in 
DTP use in costume and theatrical fashion design practice. The data that was collected and 
analyzed from Phase I were combined with the data that was collected and analyzed from 
Phase II to generate a taxonomy of DTP attributes. For this study, taxonomy was defined as a 
systematic way of classifying things and the hierarchal relationship between the things. The 
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taxonomy provided a hierarchal set of DTP attributes that lead the design direction, and 
subsequent testing using the EPs that were created in Phase III.  
Using the reflective notes and memos created during the data collection for Phase I 
and Phase II, the researcher/designer developed an initial draft of the taxonomy. The 
taxonomy draft represented the emerging categories that were needed in the trend analysis 
instrument and the emerging themes from the educator interviews for using DTP in costume 
education. It was during the initial stages of the taxonomy development that a return to the 
literature was needed to help refine the hierarchy of the categories within the taxonomy. The 
review of literature in chapter two played a less significant role at the beginning of this study 
yet provided justification for the research problem – a qualitative research characteristic 
identified by Creswell (2015). This study relied more on the views of the participants by 
collecting data to learn from the participants (Creswell, 2015) thus requiring additional 
information to be added to the review of literature. By the completion of Phase I and Phase 
II, the taxonomy was in its final draft and was used to direct the EPs for Phase III.  
Phase III. Creation of Experience Prototypes 
The purpose of this phase of the study was to test the taxonomy and to provide 
models to integrate design DTD and DTP for educators. The researcher/designer used the 
taxonomy to plan the design directions for DTD and DTP for a series of nine EPs. Buchenau 
and Fulton Suri (2000), IDEO designers, provide the following EP operational definition: 
An ‘Experience Prototype’ is any kind of representation, in any medium, that 
is designed to understand, explore, or communicate what it might be like to 
engage with the product, space, or system we are designing. (p. 424)  
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The value of EPing includes three critical design components: “understand existing 
experiences, exploring design ideas, and communicating design concepts” (Buchenau & 
Fulton Suri, 2000, p. 1). An EP allows the designer to think of the design not just as a 
specific artifact, but rather as an integrated experience. Thus the “designer needs to focus on 
exploring by doing and actively experiencing the sometimes subtle differences between 
various design solutions” (Buchenau & Fulton Suri, 2000, p. 2). The designer’s personal 
experience informs the understanding of the design problem and provides greater empathy 
for the future users’ experience. 
EPing allows the researcher/designer the opportunity to evaluate the experience as 
well as the prototype itself. For this study, the EP was the costume/theatrical design and 
production processes where digital technologies have been integrated. As a result of the EP, a 
costume artifact was created and was used as part of the EP analysis. As with all prototyping, 
there were reflective moments, iterations, and mistakes that became part of the iterative 
process.  
Through EPing, this research: (a) adapted existing design process models to include 
the use of digital technologies for multiple creative and technical steps in the 
costume/theatrical fashion design and production processes in order to achieve established 
attributes identified in the taxonomy and (b) validated these costume/ theatrical fashion 
design directions and solutions using the EPs to test the taxonomy and to serve as examples 
for the proposed models. 
Identification of three DTP attribute combinations 
After the DTP attributes were derived from Phase I and II, three EP series, using 
iterative design process sequences, were planned. Each series investigated varied ways to 
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integrate DTD and DTP within the conventional costume/ theatrical fashion design and 
production processes. The design plan for each EP was based on the leading attributes 
discovered from the trend analysis and the themes identified from the educator interviews. 
The first EPs of each series (EPA1, EPB1, & EPC1) selected elements across the leading 
attributes. It was not the intention for a single EP in the first round to utilize only the leading 
attributes but rather to spread the top three element attributes across the first round. Using the 
leading attributes, the researcher/designer developed three unique attribute combinations as a 
way to initiate the EP design plan. The educator themes of DTP perception, use, and access 
were then synthesized into the EP design plan as a way to help define the design plan for the 
EP artifact and as a way to plan the experience with the DTD and DTP process.   
Application of Boehm’s Spiral Model to the EP series 
Boehm’s (1988) Spiral Model of software design supports the iterative reflective 
process while seeking out alternative solutions. The third phase of this study applied the 
Spiral Model to the three EP series created by the researcher/designer. Each sequence 
consisted of three unique experiences in which the researcher was allowed to spiral back to 
previous steps as reflection, providing valuable insight into the process. Each sequence 
started with the first prototype; however, data that was collected during the second and third 
experiences had the potential to affect the process for the first prototype. Likewise, as the 
researcher/designer moved through the three attribute series, data that was collected 
throughout each EP could provide insight into previous processes. The spiral model allowed 
the researcher/designer to move differently within each DTP attribute series and to set 
objectives and consider alternative solutions in each stage of the process. The 
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researcher/designer proposed that each attribute series was a prototype within a larger spiral, 
thus allowing for movement among all individual EPs.  
 Parsons and Campbell (2004) discuss the evolution in the design process during a 
series of prototypes wherein digital technologies are introduced as “shown to change as 
various technical problems were evaluated and solved with each successive garment design" 
(Parsons & Campbell, 2004 p.88). As the technical aspects are initially placed within a 
practiced design process, the known process is disrupted due to the technological challenges. 
As solutions to the technical challenges arise, the impact of the digital tools can be part of the 
creative development as well as the technical development. (Parsons & Campbell, 2004; 
Treadaway, 2007).  
Design process for EPs 
The engineering and creative design process model comparison explained in the 
review of literature was used for the design process steps within each EP. The integration of 
engineering design processes with creative processes supports both technological and 
creative decisions; therefore, the processes related to both DTP and DTD were explored. The 
design process model (Figure 3.3) utilized for this study documented the process and 
reflection for each of the following five steps: (a) discovery and definition, (b) generation 
and exploration, (c) evaluation of design and production decisions, (d) testing and 
implementation, and (e) communication of solution. At each step, explicit and tacit 
knowledge was recorded through the documentary methods described in the next section. 
The researcher/designer made significant efforts to record the parts of the process that have 
become second nature due to the time spent practicing the craft of apparel, textile, and 
costume design.  
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Step 1: Discovery and definition. The pre-production steps focused on translating 
the attribute-combinations into an EP plan to build a costume that reflected the aesthetic and 
functional elements, and to practice determined levels of technological integration. The types 
of costumes were initially limited to the leading types identified in phase I, and as 
possibilities were presented emerging costume categories were also investigated. The 
researcher/designer's background knowledge influenced the attribute combination decisions. 
The intent was to provide viable examples with diverse and numerous solutions to increase 
the potential for innovation diffusion with DTP. With this in mind a design analysis for each 
aspect of the attribute-combinations was created and the design problem was identified and 
defined through research, sketching, and DTD and DTP sequence planning.  
     Figure 3.3. Design process model for EPs 
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Step 2: Generation and exploration. The researcher/designer brainstormed for 
multiple creative solutions to integrate digital technologies during this step. Possible 
solutions were ideated through mockups, digital samples, and software sequence testing. 
Within each solution, alternative options were explored, even if they were not selected for the 
EP. Some EPs required artifact iterations as the researcher/designer delved deeper into the 
exploration. 
Step 3: Evaluation of design and production decisions. The evaluation happened 
during all steps of the spiral process with the intent to make the technology accepted. The 
researcher/designer used questions like "what are the hardware and software requirements?,” 
"what type of digital or theoretical knowledge is needed to create the EP?," and "how 
effective are the DTP aesthetic attributes?" Each EP had an evaluation chart to itemize the 
technology required, knowledge needed, and alternative lower tech possibilities.   
Step 4: Testing and implementation. After each EP was evaluated, it was then used 
to test the taxonomy. A return to the trend analysis instrument and the educator interview 
themes provided the means to validate the results of the EP artifact and EP technological 
integration into the process. The EPs’ results were used to test the categorization, exclusivity, 
and hierarchy of the DTP aesthetic functional and technical attributes The EPs were later 
implemented with the new proposed DTD and DTP models.  
Step 5: Communication. Many creative and technical solutions were investigated, 
practiced, evaluated, and documented. The design process model allowed for specific areas 
within the engineering process to merge with the creative process. This model allows for 
certain areas within the engineering process to merge with the creative process, yet 
communication is present in all areas, therefore, documenting the entire process through 
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creative and engineering frameworks. Thinking as a design practitioner educator, observing 
the DTP process, and synthesizing new ideas allowed the researcher/designer to create 
alternative models to integrate DTD and printing into costume design and production. 
Documenting techniques 
An important part of Phase III of this study is the documentation and reflection of the 
design process used in EPs. Camere and Bordegoni (2016) proposed a framework for EPing 
in an experience-driven design process. They investigate a designer's movement through 
three levels to undertake an experience-driven perspective. First, they must think in terms of 
context (why), then interaction (how), and finally the product (what) (Camere & Bordegoni, 
2016). It is essential that the results of all three levels of EP be disseminated; therefore, 
documentation of the reflective practice is critical. 
Multiple documentary techniques are suggested to disseminate the knowledge 
(Zhang, 2016). The researcher/designer's previous experiences with integrating digital 
technologies into documenting the design process will support the documenting decisions for 
this study. Traditional documenting techniques including sketching, journals, photos, and 
reflective notes and emerging technological alternatives, including videos and web portfolio, 
were used for the design process. The researcher/designer used emerging technological 
documenting alternatives, including videos and virtual exhibiting. For technologies, such as 
DTP, to be integrated the perceived ease of use must be apparent. Therefore by providing 
multiple ways for the information to be disseminated, DTP has the potential to reach a 




Testing the Taxonomy and Proposing New Models 
Both the artifacts and the integrative digital processes of the EPs were evaluated 
through constant comparison during the entire yearlong creation of the EPs. Each EP was 
evaluated with the trend analysis instrument and used to test the taxonomy during step 4 in 
the design process model.  
As a result of the three phases, new costume design and production process models 
with various levels of technological integration were proposed for integrating DTP and DTD. 
Phase I provided an understanding of DTP use in current costume/theatrical fashion as 
promoted by online DTP service companies. Phase II and Phase III suggested alternative 
approaches to integrate digital technologies into the costume design and production 
processes, and provided viable solutions for utilizing DTD and printing in current costume 
design and production education. Thinking as a design practitioner/educator, observing the 
DTP process, and synthesizing new ideas allowed the researcher/designer to create 
alternative models that extend beyond education and can be applied to the costume industry, 
as well as to fashion and textile design practice and pedagogy. 
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CHAPTER 4. RESULTS 
 The previous chapter presented the data collection, coding procedures, and 
documentation methods for a qualitative study investigating DTP use in costume practice and 
education. This chapter provides the results from the study and answers the first two research 
questions that guided this study: 
1. How are DTP service companies (bureaus) used by the costume/theatrical 
fashion industry? 
2. How is DTP currently used (applied) in costume design and production post-
secondary education? 
a. What are the perceptions of DTP in costume design and production 
post-secondary education? 
b. How are costume design and production programs educating students 
to prepare them to design for and utilize DTP? 
In this chapter the findings are presented in three main sections: (a) trend analysis of 
the screenshots of online DTP service companies’ websites reviewed, (b) costume educator 
interview analysis, and (c) experience prototype results. In the next chapter, the results from 
the trend analysis and costume educator interviews were synthesized to provide the basis for 
the development of the taxonomy and the direction of the experience prototypes in Phase III. 
In the fifth chapter, the taxonomy will be reviewed, the experience prototype results will be 
examined and the answers to the third research question will be discussed.  
Phase I. DTP Trend Analysis Results 
 The objective of the trend analysis was to record the attributes of the DTP use in 
costume and theatrical designs as promoted by online DTP service companies. For purposes 
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of this study, the creation of the trend analysis instrument was guided by Cosbey, Damhorst, 
and Farrell-Beck’s (2002) visual analysis instrument creation. To date, no existing visual 
analysis instrument exists for analyzing DTP in costumes and theatrical fashion. Thus it was 
during the initial coding in this Phase and in Phase II that the aesthetic and functional 
elements for DTP emerged. Through constant comparison, the researcher/designer and audit 
coder revised multiple drafts of the trend analysis instrument. The final trend analysis 
instrument can be located in Appendix C. 
 The following sections outline the results from the trend analysis of the DTP costume 
screenshots. The first section provides an overview of the selected costumes/theatrical 
fashion designs, including general information about the online service companies and 
screenshot criteria. The second section presents the DTP attribute characterizations, grouped 
according to costume identification, aesthetic elements, and functional elements.  
Costume/theatrical fashion screenshot data 
 Fourteen websites contained text or images to promote DTP for costume use. The 
remaining websites did not contain photo criteria for promoting DTP for costume use, even 
though the websites were listed in the keyword search. Even the websites provided as a DTP 
resource by the costume educators, did not contain photo criteria. 
 A total of 244 screenshots were collected and sorted. Table 4.1 shows the total 
number of screenshots taken from each of the fourteen websites and the number of those 
screenshots that fit the criteria for the costume/theatrical fashion image. Seven of the fourteen 
online DTP service companies did not provide any screenshots that fit the criteria for 
costume/theatrical fashion images even though they were identified from the keyword web 
search. 
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Table 4.1. Online DTP Service Company Screenshot Counts  






AUT Textile & Design Lab 3 1 
Cadfab 19 0 
Design2printNYC 20 5 
Dynamix 37 29 
Fabric on Demand 2 1 
First2Print 38 6 
Frankie and Swiss 2 0 
Hatley 11 4 
Hatley (2) 91 46 
Markovprint 8 0 
People’s Print 7 0 
RPC Studio 2 0 
Silviacostume 2 0 
Spoonflower 2 0 
Total Screenshot Count 244 92 
 
A total of ninety-two screenshots fit the criteria and were selected for trend analysis. 
Upon a second review of the screenshots, five were eliminated immediately because they 
were simply alternate views of the same costume. Later, an additional eight were eliminated 
during the trend analysis; three because the DTP could not be attributed to a specific 
costume, four because they were duplicate ensemble costumes, and one because the 
description of the DTP did not match the image. The elimination of the last image where the 
description of the DTP did not match resulted in the elimination of one of the online DTP 
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service company because the image was the only one that had one screenshot that fit the 
visual criteria on their website.  
 The final sample consisted of seventy-nine screenshots that came from six different 
online DTP companies. Two of the six companies were actually extensions of companies 
already identified, therefore the seventy-nine screenshots came from four unique online DTP 
service companies. Three companies were based in the United States and one was based in 
the United Kingdom. The United Kingdom-based Hatley and Hatley2 were responsible for 
more than 50% of the screenshots. Dynamix, which contributed almost 30%, did not show up 
during the web search, and it was only through a professional connection that the 
researcher/designer investigated the company. The remaining 20% of the screenshots came 
from the three companies. 
 The trend analysis instrument isolated the costume/theatrical fashion design attributes 
based on three distinct categories: (a) costume identification, (b) aesthetic elements and (c) 
functional elements. The following results are first presented by the individual categories 
with their attribute subcategories and then summarized to identify the leading DTP trends. 
Trend analysis data: Costume identification 
 A total of seventy-nine screenshots were analyzed, more than half of the screenshots 
(56%) were for the stage, which included Broadway musicals and plays, opera, ballet and 
dance, and concerts. Just over a third of the screenshots (34%) were for film, five of the 
screenshots were for theatrical fashion outside of the stage or film, two were for the runway, 
three were for product promotion presented in a theatrical way. Finally, three screenshots 
were from museum and historical (Colonial Williamsburg) settings. Seventy-seven of the 
screenshots showed DTP costumes for human bodies and two showed DTP costumes for 
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alternative forms, one for small-scale puppets and one for a large-scale puppet. Thirty 
screenshots featured more than one character/person where DTP was used. In most multi 
costume screenshots DTP was used as a method for coordinating costumes, therefore the 
investigation of DTP across multiple costumes was added to aesthetic and functional 
elements. 
Costume type. During the trend analysis seven costume categories emerged and were 
supported by the literature: (a) period/ historical, (b) modern/ contemporary, (c) gala/ 
showbiz glitz, (d) fantastic/ symbolic/ mechanistic/ non-realistic/ experimental, (e) dance, (e) 
national, and (f) other (which included futuristic, cosplay, and apocalyptic). Of the seventy-
nine costume screenshots investigated, the leading costume types were period/historical 
(25%), modern/contemporary (25%), fantastic/symbolic/mechanistic/non-
realistic/experimental (19%), and dance (14%). 
In this study, the two most prevalent costume types were period/ historical and 
modern/ contemporary each at 25%. Period costumes or historical costumes are designed for 
historically-set productions. This includes costumes designed as period non-specific, where 
historical characteristics (possibly from multiple periods) are used for their aesthetics or 
symbolic meanings. Modern/ contemporary, the other most prevalent costume type, refers to 
costumes set in modern times. The line between when a costume is no longer modern and 
moves into period/historic can be hard to discern. For this study, if the costume or theatrical 
fashion can still be seen in any level of current fashion, it was considered modern/ 
contemporary. The next leading category, fantastic/symbolic/mechanistic/non-
realistic/experimental, included costumes that represented fantasy characters and were 
considered beyond realistic. There was one costume (Figure 4.1) identified as period/ 
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historical and fantastic/ symbolic/ mechanistic/ non-realistic/ experimental because of the 
characteristics of the costume. The costume had historic characteristics of the 1770s 
silhouette but was also beyond realistic regarding scale. During the trend analysis, dance 
costumes quickly emerged as an individual category. Gala/ showbiz glitz, national, and other 
were the remaining categories and included costumes such as ball gowns, kimonos, and 
superheroes. 
Percentage of Costume that utilizes DTP. More than half of the screenshots had 
costumes that utilize DTP on more than 80% of the entire costume. Only four screenshots 
had costumes that utilized DTP on less than 19% of the entire costume. The remaining 
screenshots had percentages that varied between 20% and 79%. The results illustrate that 
when DTP is being used for a costume that is promoted by online DTP service companies, it 
tends to be used for the majority of the surface design. 
 Figure 4.1. DTP for underskirt for Boston Ballet  
(Retrieved from http://dyenamix.com/?project=performance-2) 
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Trend analysis data: Aesthetic elements 
Number of colors. Within the screenshot sample, 75% used a limited to a moderate 
number of colors that would be possible with conventional printing methods. The other 25% 
used a number of colors not achievable by using conventional printing methods. When digital 
technologies are introduced to a process, they are used to substitute rather than exploit the 
technologies’ possibilities (Parsons & Campbell, 2004). DTP is a relatively new technology 
in costume practice. The results of the trend analysis suggest the possibilities of DTP are not 
fully realized as only 25% are using the color capabilities of DTP. However, utilizing DTP as 
a substitute for designing and printing conventional-looking prints certainly has its place in 
the costume discipline.  
Artistic style. Style guides of conventional surface design, as well as style guides of 
digital surface designs, were used as a starting point to identify certain categories of artistic 
styles for the DTPs analyysis. The five styles that emerged during the analysis were: (a) 
stylized, (b) photorealistic, (c) realistic, (d) illustrative/painterly, and (e) collage. 
Figure 4.2. Photorealistic engineered print from Dyenamix for Merce Cunningham 
(Retrieved from http://dyenamix.com/?project=performance-2) 
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The photorealistic DTP artistic style is only feasible because of digital printing 
technologies. Prior to DTP, it was not possible to achieve photo-like imagery on textile 
prints. It was not until the introduction of heat transfer (dye-sublimation) in the 1970s that the 
use of photography was first noticed in textile design (Bowles & Isaac, 2012). The 
photorealistic style requires the use of unlimited colors for printing and the use of 
photographs with proper resolution for successful designs. Only thirteen (16%) of the 
screenshots were identified as having a photorealistic artistic style. These costume/theatrical 
fashions manipulated the photos in a variety of ways and placed them in various surface 
design layouts. The screenshot in Figure 4.2 shows how a photo of a skyline was mirrored 
and engineered into dance unitards. The photorealistic style was also used for modern/ 
contemporary and fantastic/ symbolic/ mechanistic/ non-realistic/ experimental costumes in 
both engineered and repeat layouts. 
Stylized prints accounted for the 
majority, at just over 50%, of the artistic style 
of DTP. Stylized prints have a graphic quality 
that utilizes flatter areas of color. Through 
digital color reduction of imagery or original 
digital creation of simplified motifs, the DTP 
effect is similar to conventional screen or roller 
printing. Susan Hilferty’s costume design 
(Figure 4.3) for Wicked the Musical at 
London’s Apollo theatre features a stylized 
stripe, which also has an illustrative quality.  
Figure 4.3. Hilferty’s costume designs 
for Wicked the Musical (Retrieved from 
http://hatleyprint.co.uk/) 
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 Realistic (15%) and 
illustrative/painterly (13%) artistic styles 
were close to photorealistic in 
distribution. Costumes, like those in 
Figure 4.4, have an illustrative/painterly 
feel and rely on unlimited color to 
achieve the artistic effect. It is possible 
the painted artwork was a photograph and 
thus could be considered photorealistic. 
For this study, each costume’s leading 
artistic style was the main category identified.  
 Aesthetic effects. In addition to DTP artistic styles, DTP aesthetic effects emerged as 
another aesthetic reason for using DTP in costume and theatrical fashion design. The major 
categories were: (a) to reproduce a surface design, (b) to create trompe l’oeil effects, (c) to 
appear digitally created, and (d) to coordinate with set or ensemble. Sub-categories within 
each aesthetic effect category provided a more robust analysis. Twenty-five (32%) of the 
screenshots were identified as having multiple aesthetic effects across the major categories.  
Reproducing a surface design was the leading category within aesthetic effects, with 
a total of forty-four (56%) screenshots. Within this category, 32% were to reproduce the look 
of a traditional hand surface design technique and 24% were to reproduce a vintage print. 
Reproducing a traditional hand surface design included techniques such as screen-printing, 
block printing, stenciling, and batik. Reproducing a vintage print typically included the 
reproduction of a hand surface design technique such as the art conservation costume for 




Colonial Williamsburg. The 
screenshot included a photo of the 
original printed fabric from the 
historic garment that was being 
replicated (Figure 4.5). The new 
digital print still has the color-
reduced characteristics of a 
conventionally printed textile design 
yet does not include the visual effect 
of the fading and distressing that the 
vintage gown shows. 
Twenty-four (30%) of the 
screenshots revealed the next most 
popular trend in aesthetic effects, 
DTP that looked digitally created, 
meaning they could not have been 
achieved through conventional print 
methods. Of these digitally created 
aesthetic effects, 42% also had a trompe l’oeil characteristic as well. The major trompe l’oeil 
category included the following sub-categories: (a) illusion of distressing, (b) illusion of 
garment/design elements, (c) illusion of layers, and (d) illusion of body elements (tattoos on 
skin, muscles and body contouring). Occasionally the trompe l’oeil sub-categories were 




represented as stand-alone results, but more often trompe l’oeil was identified in conjunction 
with other aesthetic effects.  
Figure 4.6 shows an example of a trompe l’oeil aesthetic effect in conjunction with a 
coordinate with the set effect. The waistcoat 
was worn in the 2009 Sherlock Holmes film 
and was used as an environmental disguise. 
The same distressed surface design was 
printed on different substrates (various 
textiles and wall coverings). The visual 
effect of Sherlock Holmes peeling away 
from his environment was repeated through 
the film series by using printed costumes 
with coordinated printed set pieces. 
Plummer and Sanders (2016) emphasize that 
the trompe l’oeil possibilities of DTP are 
endless because of the ability to print 
photorealistic imagery and increased ease in 
engineering surface designs to garment pattern pieces.  
Motif subject, development, scale and complexity. The three aesthetic attribute 
subcategories that describe the subject matter of the motif, the way the motif appears to have 
been developed, and the scale and complexity of the motif are motif subject, development, 
and scale and complexity. Style guides from conventional motif subjects were used to 
identify the DTP motif’s subject. According to the literature, the four most common subjects 
Figure 4.6. Hatley’s DTP to create the 




in conventional textile prints are floral, geometric, conversational, and world. Similar results 
were found in the data from the trend analysis. 46% were classified as geometric/abstract, 
19% were classified as floral, 14% were classified as conversational, and the remaining 
screenshots were classified as textures, paisley, stripes, plaids, and ombre. The majority of 
the DTP still conveyed conventional motif subjects.  
The motif development, scale, and complexity used style guides only as a starting 
point. Given the newness of the digital textile design and print processes, new trends in motif 
development and scale and complexity emerged. Figure 4.7 shows larger complex motifs 
created from photographs of flowers and possibly engineered or appliqued. The leading 
methods for apparent motif development were: (a) digitally created, (b) photographed, and 
(c) scanned existing surface designs. Because the analysis was based on pictorial data, the 
confirmation of motif development was uncertain at times, therefore 14% were placed in the 
category of cannot identify the motif development from the screenshot. Scale and complexity 




of motifs ranged from small simple single to large multiple complex, with numerous 
combinations in between.  
DTP surface pattern design type. The surface pattern design type describes the way 
the motifs are arranged. The creation of a repeat tile put into a set layout type is the norm for 
conventional surface design print methods. Of course, conventional textile artists have 
worked outside the repeat tile and within conventional methods of textile printing but 
typically have been constrained by the screen, roller, or print tool. Using DTP, designers are 
no longer limited by the size of the surface design and can create engineered prints with 
various aesthetic effects.  
Similar to previous categories, the trend analysis began with an awareness of 
conventional repeat layouts and the researcher/designer’s and audit coder’s knowledge of 
engineered print design. The results from this category showed that conventional repeat tile 
layouts comprised 60% of the DTP used for the costume/theatrical fashion designs. Of the 
60%, just over half were set pattern layouts, which included basic block, half drop, brick, and 
mirrored and just under half were seamless or complex pattern layouts. Engineered prints 
totaled 35% of the DTP and included engineered yardage, engineered within pattern pieces, 
and engineered across seamlines of pattern pieces.  
The literature revealed engineering prints across seamlines of pattern pieces to be one 
of the significant advantages of DTP. However, only two of the engineered print screenshots 
represented engineered across seamlines of pattern pieces. Figure 4.8 has one large flower 
image that is engineered across the waistline seam. The results suggest the technological 
innovation potential is not being fully explored in costume practice. The remaining 5% of the 
DTP appear to utilize both repeat layout and engineered design on the same costume. Figure 
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4.8 is also duplicated in different colorways for the ensemble; multiple colorways is a 
functional element that will be discussed later in the next section.  
Trend analysis data: Functional elements 
 During the initial stages of the trend analysis, the researcher/design and co-coder 
were interested in investigating the user skill levels need to create the DTP in the screenshot. 
However, it was not possible to measure the user skill levels using only the images of the 
costumes. Therefore, as a way to find out more than the aesthetic reasons for utilizing DTP, 
the category of functional reasons to use DTP was added to the trend analysis instrument. A 
return to the literature, constant comparison, and continuous discussion during the trend 
analysis instrument development, lead to the identification of five emerging functional 
reasons for selecting DTP over conventional printing methods for the costumes/theatrical 
fashion. The categories that emerged were: (a) increased digital access (b) high degree of 
Figure 4.8. Engineered print  
(Retrieved from http://dyenamix.com/?project=performance-2). 
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aesthetic specificity, (c) streamlined repeatability, (d) time, and (e) cost effectiveness. 
Reproducing a vintage print was also considered as a functional reason for using DTP and 
twelve (15%) screenshots indicated the vintage print was probably no longer available. More 
than half of the screenshots identified more than one functional attribute. The two leading 
attribute tallies showed forty-five (57%) of the screenshots with a high degree of aesthetic 
specificity and twenty-four (30%) with increased digital access.  
High degree of aesthetic specificity. A total of 57% had a high degree of aesthetic 
specificity as a functional reason for selecting DTP. Ujiie (2006) describes the high degree of 
aesthetic specificity as “new styles that are impossible or extremely difficult to achieve by 
existing conventional printing technologies” (p. 345). Ujiie (2006) identifies five categories 
within the new style to include: (a) millions of colors, (b) extreme tonal effects and fine lines, 
(c) photographic manipulation, (d) special digital effects, and (e) large engineered image. 
Figure 4.9. DTP of scanned hand-painted surface design for Lion King 
(Retrieved from http://dyenamix.com/?project=performance-2). 
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Figure 4.9 is an example of a DTP with a high degree of aesthetic specificity yet did 
not require increased digital literacy. Fortunately, the Lion King’s associate costume 
designer, Mary Nemecek Peterson, discussed this exact costume in Kucharski’s 2017 blog 
post Digital Weaving. Peterson explained the process of maintaining the artisanal style where 
the original hand-painted or hand-dyed the textile design was the initial artwork. Technology 
was integrated later in the process merely as a way to translate the analog artwork to a digital 
format for DTP. Peterson (2017) goes on to explain the reason why DTP was needed. She 
explained that almost all of the fabrics for all of the costumes were custom painted, dyed, and 
screen-printed and due to the multiple shows and lengths of runs their artisans could no 
longer keep up with the pace. Sublimation and inkjet DTP methods were tested and 
incorporated into the textile production (Kucharski, 2017). The success of DTP’s aesthetic 
specificity in maintaining the hand of the artist and superior color stability and durability 
allows more textile designs to be added to the list for digital printing (Peterson, 2017).  
Increased digital access. Increased digital access looked at both the rise in access to 
digital technologies and the increase in digital literacy. Since the data came from online DTP 
service companies, it is obvious from where the digital access is coming. However, it is 
difficult to discern the amount of digital literacy required by the user and the amount of 
digital design knowledge imparted on by the DTP service company. Therefore increased 
digital access assumed the user and the DTP service company as a design team. 30% of the 
screenshots displayed DTP where increased digital literacy was a requirement for achieving 
the print, and only four of these screenshots did not include a high degree of aesthetic 
specificity as well. When DTP is being used, and a certain level of digital literacy is required 
to use it successfully.  
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Streamlined repeatability. Streamlined repeatability was identified in 43% of the 






emerged were (a) 
lengthening the life of 
costumes, (b) 
duplicating costumes 
for swings, (c) multiple 
colorways for ensemble 
pieces, and (d) multiple 
versions of various 
levels of distress for the 
same costume. Figure 
4.10 shows the same 
digitally collaged 
kimono surface design 
printed in multiple 
colorways. Certainly, 
costumes have been 
Figure 4.10. Hatley’s DTP streamlined repeatability for 
ensembles (Retrieved from http://hatleyprint.co.uk/digital-
fabric-printing-projects/) 
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and continue to be reproduced in multiple colorways using conventional print methods, but 
DTP allows for the process to be streamlined. Once the digital is designed all that is needed 
to change the colorway is a simple step using photo-editing software and the number of 
possible colorways is endless. 
Time. Time was the increased speed within the full digital printing production 
workflow and includes: (a) quick turnaround, (b) instant digital imaging process, and (c) 
speed in reproducing surface design. For this analysis, quick turnaround time focused on the 
printing process and did not include digitally designing the print. It takes about ten days from 
the time a design is uploaded to an online DTP service company and the print is delivered. 
Depending on the time needed to create yardage using conventional print methods it may be 
quicker to have it digitally printed. It is a different story when the DTP technology is onsite; 
test swatches can be printed immediately, and yardage can be printed and process within a 
few hours. “The instant digital imaging process provides textile designers greater 
opportunities to explore aesthetic novelty” and to experiment with greater imaging 
possibilities compared to previous textile printing technologies (Ujiie, 2006, p.344). Time is 
conserved between design conception, experimentation, modification, and production. 
Changes to the digital design file happen much quicker than changes to conventional screens 
and rollers, and speed in reproducing a surface design is increased. 
Cost effectiveness. Cost effectiveness overlaps with other functional categories of 
time and streamlined repeatability. As the speed of production is increased and processes are 
made more efficient, the cost of production is lowered. The category cost effectiveness looks 
explicitly at the DTD and DTP savings and includes: (a) shorter runs and (b) fewer labor 
hours spent on print design, fabric manipulation, and embellishing. Print on demand 
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technology has made it possible to print as little as one yard because the printing process is 
so different from conventional print methods. Prior to DTP, printing a textile design would 
require screen or roller set up fees and large minimum yardages.  
Fewer labor hours can provide considerable reductions to the cost of surface designs. 
Continuous improvements to design software and increased digital literacy make it possible 
to create, test, and produce surface designs in fewer hours and with less manpower. Many 
functional categories overlap and have an effect on each other. Nala’s costume shown in 
Figure 4.11 (the same costume shown in Figure 4.9) also represents streamlined 
repeatability, time, and cost effectiveness. The musical Lion King has been running for 
twenty years so the need to continually replace worn out costumes or costume parts, 
customize costumes for new cast members of different sizes, and duplicate entire wardrobes 
for multiple runs across 
numerous cities (Peterson, 2017). 
DTP has been a viable option for 
other Disney productions to 
achieve both aesthetic and 
functional attributes. As leading 
theatrical productions continue to 
promote DTP, the perceived use 
and acceptance of DTP should 
increase (Peterson, 2017).  
 
 




Trend analysis summary 
 Table 4.2 on the next page summarizes the leading attribute results from the trend 
analysis. DTP is being used by the costume/theatrical fashion world for a variety of costume 
types, artistic styles, and aesthetic effects. The trend analysis revealed that DTP is being used 
to produce prints that have the same aesthetic language as conventional printing methods and 
new aesthetic innovations. The literature review identified DTP potentials but the trend 
analysis revealed the possibilities are not yet seen as a leading attribute in the trend analysis. 
DTP scholars identify engineered prints, trompe l’oeil effects, and unlimited colors as a few 
of the significant reasons DTP is being used and the trend analysis did not reflect their 
perception.    
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Phase II. Costume Design and Production Educator Interview Results 
The objective of Phase II was to analyze the use and perception of DTP in costume 
design and production education in postsecondary institutions in order to present a current 
pedagogical perspective of how some costume design and production programs are 
integrating emerging technologies, specifically digital textile design and printing. The results 
from Phase I were combined with the results from this phase and were used to create a 
taxonomy of DTP use for costume/theatrical fashion designs.  
 This section is comprised of two parts. The first part discusses background 
information about the costume design and production educators and the institutions where 
they currently work. The second part describes emergent themes from in-depth interviews 
describing the costume educator’s use and perception of DTP. The themes include: (a) 
perceptions of DTP in costuming; (b) benefits and limitations of DTP; (c) personal costume 
design/production process (d) access to digital technologies within and outside of academic 
programs and institutions; (e) perceptions of students’ digital literacy and technology 
acceptance; and (f) pedagogical perspectives to student preparation for the costume industry.  
Background Information 
12 costume educators participated in this study, six were from institutions that had 
been recognized as having university makerspaces and six were from institutions that had not 
been recognized as having university makerspaces. However, during the interviews, many of 
the non-makerspace educators revealed that their institutions do have small or large-scale 
makerspaces. Makerspace use became one of the emerging themes and will be discussed later 
in this chapter. Of the twelve educators, eleven were female and one was male. They 
currently work at universities across the United States as costume design educators, costume 
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production educators, or as theatre-in-residence or university costume designers, assistant 
designers, and costume shop supervisors who also teach costume courses. The educators’ 
background academic training ranged from theatre to art to fashion. Some have worked as 
lifelong educators, others as professional costume designers or costume technicians, 
professional costume shop supervisors and staff, and actors. Many of the participants have 
worked in theatre for more than twenty-five years and have both academic and practitioner 
experience. 
Of the 12 participants, two identified themselves as only a costume designer, three 
identified themselves as only a costume technician, four identified themselves as both a 
costume design and a costume technician, two identified as costume designers with strong 
crossovers to costume technology, and one identified as a costume technician with the 
strength to design but prefers not to. All of the participants agreed, on various levels, that 
their success as a costume designer or technician comes partly from being knowledgeable 
with both the design and production sides of costuming. Only two of the educators teach 
crossover courses from their institution’s identification of a design professor or production 
professor.  
 10 of the 12 participants work in programs at institutions that offer MFAs for costume 
design, costume production, costume technology, or theatre. The graduate level costume 
programs typically have separate classes from undergrad but work together in the costume 
shop and on shows. Many of the educators also maintain a supporting professional practice 
outside of their academic responsibilities. One participant has a wearable art fashion line; a 
few of the participants actively exhibit their art, and many of the participants work as 
freelance or resident costume designers; three participants work as costume/scenic designers.  
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Perceptions of DTP use in costuming 
The purpose of conducting interviews with educators was to examine the impact of 
DTP on costume design and production education in postsecondary programs. In order to 
examine the impact of DTP, it was important to establish the educator’s understanding of 
DTP, as well as the educator’s perception of DTP use in costuming. When asked to define 
DTP, a few educators immediately described the benefits of using DTP, some cited examples 
of how they had used it or seen it used, some said they had never seen it, and some explained 
part of the DTP process. Thus, the first theme to emerge was the educators’ perception of 
DTP use in costuming, which included their definitions of DTP as well as their opinions 
about its use. 
Definition of DTP by educators. Participant 4 defined DTP as “Creating an image or 
repeatable pattern that you can manipulate or not and have it printed on fabric”. Participant 1 
described DTP as an alternative to conventional printing techniques by stating: 
Traditionally when you need something specific and couldn’t find it you might stencil 
a pattern on, or you might do silk painting manually or you might do some sort of 
batik or block printing.  
Participant 1 defined DTP as “manufacturing what the print is digitally and small scale and 
then having it printed on the fabric”. Participant 2 further defined DTP to include engineered 
DTD: 
I think to me that is the ultimate, being able to design your fabric and have it printed 
for you. Because they can print the pattern pieces and not have to print the entire 
piece of fabric, it would save time and money, not printing from selvage to selvage.  
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Most participants shared a simple explanation of DTP as an alternative to using 
sourced fabric; rather than going to a fabric store and purchasing yardage from the available 
stock, a designer could print their own designs. Even participants that were not using DTP, 
viewed DTP as a solution for designers to get the fabric they wanted.  
Opinions of DTP.  The few participants who were actively using DTP either in their 
costume practice or their costume teaching were excited about the potential DTP has to offer 
and were surprised by the lag in its acceptance. When asked about their thoughts on DTP and 
the costume industry, participant 4 provided their reaction to their discovery of DTP: 
We were at USITT…when I was first introduced to it [DTP] and went oh my gosh 
this is amazing, and of course, it was Disney and a panel of 6 other people … we 
always refer to Disney as the wealthy cousins that have all the toys that you are never 
going to get and that was the point I went “oh wow”… I think Spoonflower was just 
starting at that point in 2005 or 2006. 
Participant 4 described themselves as “tech interested and capable but not necessarily 
always [tech] savvy but I know who to ask when I get stuck” and thought: 
So I always thought that it [DTP] was something that everybody saw, was going to 
jump on the bandwagon and within 5 years it would be a standard, just another trick 
in our box…just like a sharpie or a bottle of RIT1 dye. So yeah, I love it…it is a 
simple, quick, well there is some floor planning but it is a fairly quick and painless 
way to get a very specific image or fabric that we want and texturally maybe not 
                                               
1 RIT dye is an over-the-counter product targeted towards do-it-yourself craftspeople. It is a 
common dye product used by non-professional as well as academic and professional costume 
shops. Professional and academic costume shops also use proprietary dyes stuffs that do-it-
yourselfers cannot purchase easily. 
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everything is there but there is definitely a lot of options…so yes I love it, I love it, I 
love it, would be the short version. 
Participant 1 and 2 shared the same concern about DTP not being used in the costume 
industry. Participant 2 mentioned how long ago they were introduced to DTP and how much 
easier the process is now: 
It's mind-boggling to me quite honestly. I did a sabbatical. I don't remember how 
many years ago. Fifteen?... I went up to Rupert, Gibbon, and Spider. At the time, the 
translating your Adobe Photoshop or Illustrator design into the software to talk to the 
machine, to the printer, I needed somebody to do that for me. Now, it's nothing 
compared to like [it used to be] ... We still not using the technology. It's insane to me. 
Even in the movie industry, the designers will go to Europe, and especially in 
England where they can find the fabric that they want, and do that instead of hello, 
we've got printers in LA that can print your fabric for you... It really astounds me that 
we are not using this technology. 
Participant 1 recently sent out a solicitation for a book on DTP and was shocked to find only 
“a few are doing it and many say they never even thought of it and it freaks them out - 
dealing with the technology plus the fear of never even seeing the fabric”. Some of the 
biggest fears of DTP shared by all of the participants were not being able to see the print on 
the fabric before it is ordered, not being able to touch the fabric, and not being able to return 
the print. Traditionally when costumers order regular fabric online there is a swatch to look at 
and if you don’t like the fabric you can return it. Most online DTP service companies do 
provide tangible fabric samples and printed swatches for the designer to preview but once a 
custom print has been ordered, it is not returnable. With online DTP service companies it 
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takes time and cost money to have multiple iterations of swatches tested. If the textile printer 
is in-house it takes less time to print samples. Either way, sometimes production timelines do 
not allow for multiple printing of swatches, so DTP needs to be figured in early. 
Participant 1 supposed one reason DTP is not being used to its full potential is due to the time 
it takes to send away swatches and printed fabrics.   
Educators also felt that DTP was not being embraced because of a universal fear of 
technology. Even the participants who were using DTP service companies shared their 
concerns for working with the software to create the surface designs and for properly 
uploading files to DTP websites. One assumption about digital technologies that emerged 
when the participants were expressing their opinions about DTP use was that the computer 
does the work for you. Participants, who utilized digital technologies for DTP and CAD for 
illustration and patterning, emphasized that one still has to know how to draw and understand 
aesthetics. So not only do costumers need to know how to use the software, they also still 
need to understand conventional surface design theory, rendering, and patternmaking. 
Participants suggested that the time invested in learning how to use the technology must be 
worthwhile. Participant 10 concisely stated “the drawback is the front end of learning the 
software well enough to make it expeditious above and beyond just doing it [by analog 
methods]”. Many participants felt that it was quicker to use the familiar conventional 
methods of dyeing, painting, screen-printing, etc. than to take the time to learn DTD.    
 More than half of the participants have not used DTP in their costume practice or 
costume teaching. Participant 3 said “I understand that digital printing and all that exists and 
I have seen examples and it is great, and it can be cost-effective, I have never used it, I have 
never been in a design situation where it [DTP] seemed… desirable”.  Participant 3, like 
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many of the participants, was trained in dyeing and painting fabric and tended to design in 
the way they were trained. Participant 3 said that they are open to DTP as an option if it is the 
best way to achieve the effect they desire but would have a DTP service company do it – “I 
don’t know how to do it, so you are going to have to do it, and provide a sample”. Participant 
7’s perception of DTP use included:  
I don’t think I’ve seen any [DTP costumes] yet, that I know of, I could have, I think the 
idea is that you don’t know that it has been digitally printed, so I might have. But, I am 
all about it. I think it would be a great way to get what we actually need because so 
much of the rendering and stuff is done before the fabric [is shopped]. So you do the 
rendering and then have to go and find the perfect fabric, why don’t you just make the 
perfect fabric that would be great. 
 Participant 2 stated, “To me, being able to print your own fabric is control. The only 
thing better is weaving your own fabric”. Many of the participants viewed DTP not only as 
an option to get the perfect fabric but also an option to simply get fabric. The decline in brick 
and mortar fabric stores and the decrease in sourcing specialty and vintage prints added to the 
opinion that DTP is going to be needed to allow costumers not to settle for what is available. 
Participant 1 shared that “DTP is going to be needed more because fabric stores are fewer 
and fewer and [costumers] want fabric that feels special and different. They don’t want the 
audience to recognize the fabric from chain stores”. Participant 1 added that DTP puts more 
responsibility on the designer. The designer needs to know how to design prints. 
 Almost half of the participants felt as though DTP is not a viable option for them yet as 
practitioners or educators. Some did not feel as though they have the: (a) resources, (b) 
budget, (c) skills, and/or (d) desire to utilize DTP. Only one participant had a digital textile 
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printer in-house, several participants mentioned using the resources from online DTP service 
companies, and two participants assumed that in order to use DTP, they needed to own the 
technology, as they were unaware that online DTP service companies existed. Of the 
participants that had access to makerspaces, none of them had access to DTP resources 
within their makerspaces. A few participants mentioned trying to build better connections to 
the fashion disciplines that have DTP resources but none of the participants have been 
successful with this yet. 
 The participants who used or investigated using DTP shared the perception that DTP is 
becoming more affordable. Participant 6 said, “DTP is at the cusp of cost-effectiveness.” 
During the interviews, budgets were discussed on many levels and budget limitations and 
required justifications emerged in various contexts. The perception of DTP use within 
costume budgets was split, some said that because of the time and energy saved it was cost 
effective and some said it was too costly for their budget. Participant 5 added even though 
DTP is becoming more cost-effective it is still limiting in terms of fabrics types and widths.  
 The perception that DTP required major effort simply to be able to use it, had certainly 
limited the participants DTP use. Almost all participants mentioned a learning curve issue 
when discussing DTP. Those who used DTP mentioned the time and experimentation 
required to learn and effectively use DTP to their liking. Those who investigated using DTP 
were concerned with the amount of time and energy needed so that they can use it 
effectively. Those who did not use it expressed their apprehension in trying to learn the 
technology. There was a fear that DTP was viewed as an artistic cheat compared to 
conventional surface design skills and that it may be used as a gimmick. At least three 
participants warned about using DTP only because it is a new “toy” and concentrated on 
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using DTP specifically when it was the best option. Participant 6 stated “letting the 
technology enhance the design and not be the trick”. Participant 10 said, “I think the times in 
which we have used it [DTP] that I have been happiest with is when it has been the best and 
most expeditious choice to get the look that we wanted for the clothes on the stage.”  
 During the interviews, the participants who used DTP all agreed on the need to share 
what was learned with DTP, especially as it pertains to costuming. Participant 5 felt DTP is 
still in the stages of experimentation and participants 4 and 5 believed it was the 
responsibility of the DTP users to make the theatrical experiments of DTP known. These 
participants believed that once their fellow costumers: (a) became aware of the possibilities 
and benefits of DTP, (b) found ways to access the technology, and (c) invested the time to 
learn, practice, and make mistakes, they would design differently. They viewed DTP as 
another tool in their toolbox and wanted to share their excitement. Participant 4 said “my 
hopes and dreams, I guess, would be that it was embraced a little more quickly and openly” 
and making costumers aware of it “ I think they are aware of it, [some are]using it and being 
successful at using it, and to hopefully cut down on intensive labor, that everybody feels we 
have to do in order to have a handcrafted piece…and to embrace it in different ways”.  
Benefits and limitations of DTP 
 Before participants were asked what they thought the advantages and disadvantages of 
DTP were, many were already connecting their definition and perception of DTP use to the 
strengths and weaknesses of DTP. Thus, the second theme to emerge from the interviews was 
the benefits and limitations of DTP and included the following subthemes: (a) functional 
benefits and limitations, (b) aesthetic benefits and limitations, and (c) in-house vs. online 
DTP service companies. All subthemes had advantages and disadvantages. Participants 
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discussed the functional benefits of DTP more than the aesthetic benefits. The major benefits 
and limitations of DTP, as explained by the participants, are seen in figure 4.12. 
 
 Functional and aesthetic benefits and limitations of DTP. By far the strongest 
benefit reported by all participants was the ability to print what one wants. Whether it is to 
recreate a vintage print, to develop a surface design that was rendered on a sketch, or to be 
able to control the colorways, scales, and motifs of the print, all participants agreed that the 
ability to print what one wants was the best aesthetic reason to utilize DTP. As evidenced 
later in this section, one of the designer’s most frustrating parts within the costume design 
process was not being able to source the fabric that one wants. Participant 2 shared this 
benefit and wondered why DTP has not caught on more:  
The biggest plus to me is to be able to print period designs. When you're doing an 
18th-century show, it's not easy to find fabric. To be able to print that is, I think, 
fabulous. It's been out for so long now, and we have not really taken advantage of it. 
Figure 4.12. Participant views on benefits and limitations of DTP 
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Participants shared the concern that even though DTP allowed the designer to print 
what one wants, it may not be possible to print on the fabric that is needed for the drape and 
structure of the costume. Limited fabric selection and lack of texture achieved with DTP was 
viewed as limitations by the participants and also as a direction for future research and 
development. These limitations were suggested as reasons why DTP has not been more 
widely accepted.  
Participant 5 agreed with the functional limitations of the types of fabric that DTP can 
be printed on and said the best aesthetic use for DTP at this time in costuming was using it 
for something “really theatrical, large-scale” and interpretative, where fabrication (fiber 
content and weave structure) is not necessarily a priority. However, Participant 11 shared the 
alternative view of examples where vintage prints have the look of what is desired but not the 
hand or drape for what is needed for the costume; the print can be reproduced and printed on 
fabric with the desired qualities. Participant 11, who was trained as a surface designer and 
had a digital textile printer in their department, explained that many times DTP can be less 
complicated than conventional print methods. Participant 11 recounted while they presented 
a silk screen devoré demo during a surface design conference, they were introduced to DTP: 
Part of it [the conference] was taking the group to TC2, and then they had this lovely 
machine that was just printing this all off.. and I went ahhh! If I could get all those 
colors into silkscreen and get them to register and to print it…and I still teach photo 
silkscreen, if you are doing one thing it is great but if you have multi colors, the 
registration, its fabric - it is moving, and its [mis]marking the fabric.  
 Participant 1 recognized that screen-printing had numerous registration issues and 
was incredibly tedious when using many colors and larger yardages. Participant 1 saw DTD 
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and DTP as much less complicated process. Participant 11 said one should choose DTP 
based on the complexity of what you are doing, in the long run it can be time-saving 
(compared to analog surface designs). Participant 11 emphasized the even though “initially 
the design set up time takes longer but then to print yardage it is so much quicker”. 
Participant 2 shared a similar epiphany: 
We did a show last fall. We printed, it must have been 10 different costumes. We 
burned the screens and then printed the fabric. It was a piece that used, oh, it was 
Dungeons and Dragons, so there were all of these outrageous characters, but it was 
written in a diary, so we printed cursive printing on the costumes. It was a beautiful 
design, but we printed every single piece of fabric. You know, have what, eight times 
three, 24 feet that we can roll out, so we were able to just roll it out and do the repeat 
printing. It would have been lots faster to have it [digitally] printed. 
 Besides DTP’s ability to print in unlimited colors there were also aesthetic results that 
one can only get from DTP. Photorealistic imagery, high concept surface designs, and 
engineered prints were added to the results that emerged as benefits that could only be 
feasibly achieved with DTP. Participant 10 said “there is no old school way to do that – a 
twenty color screen print – there was no other way to do it” to achieve the high resolution of 
the photographs that were used for the photo-collaged renderings. Participant 11 took a 
photograph of a fabric that the costume shop had dyed when they could not find the fabric 
again to manually reproduce the dyed fabric and then just reprinted it using DTP.  
A few participants talked about DTP’s ability to enable high concept design, “more 
room to express the weird, tromp l’oeil and distressing (participant 1)”. A few examples from 
participants included a: (a) distressed union jack for back bustle, (b) replica of prop dress that 
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was distressed because they did not want to ruin the vintage dress, (c) weathered jail stripe 
fabric from the 50s, and (d) non-balance stripe that that was printed as the original yardage 
and as the mirrored image so that the fabrics could be chevroned when cut on the bias. Most 
of the participants using DTP had only used it for repeat patterns, some had semi-engineered 
yardage, and none had used digitized pattern pieces to engineer a textile marker. Participant 1 
never digitized pattern pieces but did engineer a single solid piece and “used clever cutting” 
to engineer the print on the pattern shapes rather than digitally engineering the design. 
Participant 2 explained how they think of engineered yardage and the benefits it affords the 
designer: 
See, I think, for me in particular, because I like to design the fabric itself, like maybe 
I only want a motif that is only around the neckline, or a hemline motif, and maybe I 
want dots that are very far apart at the bottom and they get closer and closer together 
as they move up to the top, I think that for me, personally, to be able to create my 
costume design from the fabric up is extremely exciting, much more so than going 
out to see what you can find at your local fabric store.  
What some participants saw as a benefit others saw as a limitation. The time it takes 
to learn how to use DTP was seen as a benefit and worthwhile to some while others saw it as 
a hindrance to try DTP. The cost of DTP had a similar dichotomy, those who were using 
DTP commented about the cost savings of DTP and other participants talked about costs 
being a notable limitation. Participants considered the cost of the equipment, the cost of the 
training, and the cost of the DTP fabrics when they discussed cost as a limitation.  
 Common limitations of DTP that were shared by the majority of the participants 
included: the actual fabric that could be utilized, the lack of visible and tangible texture that 
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can be achieved with conventional surface design and manipulation techniques, and the 
potential change in the drape of the fabric after it is printed. A few participants assumed that 
DTP was only possible on synthetic fabrics, and said they preferred to use natural fibers. 
Many participants shared their apprehension about buying any fabric, not just digitally 
printed fabrics, online that they cannot touch or see ahead of time. Participant 5 said, “I don’t 
like shopping over Internet, I am always disappointed in [the] swatches I get – I need to see it 
and feel it”. Participant 3 introduced an interesting perspective on a limitation of DTP when 
it comes to the beginning stages of the design process. Participant 3 stated that “even if you 
know fabrics, there are often options available that you did not think of” and they would 
sometimes prefer to be “inspired by the fabric rather than making the fabric adhere to an 
independent inspiration.”  
Time was another factor that was viewed as a limitation and a benefit, but all agreed 
that the time it takes to order and receive a design is a definite consideration for choosing or 
not choosing to utilize DTP. Participant 2 shared: 
It always depends on the style of show, what's being chosen for the season. Right 
now, the trend in theater is to do devised work, so you don't have a script going into 
it. It's a little painful, I think, for the designer because it's always feels like it's at the 
end. Lots of times there's changes, so it's hard to bring any technology into it because 
it's late in the game. It's like something that you need to plan for ahead of time. 
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In-house digital textile printer vs. DTP service companies. The opposing views of 
time as a benefit or limitation relied somewhat on the debate of having a digital textile printer 
in-house or using a DTP service. In addition to time, the participants identified several 
contradictory views of advantages and disadvantages of using in-house printers and online 
DTP service companies. Figure 4.13 specifically reviews the benefits and limitations, as 
perceived by the participants, of using in-house printers vs. using online DTP service 
companies. 
Three of the participants were actively seeking funding for getting a digital textile 
printer for their department, and one participant wrote a grant and received funding for a 
printer a few years ago. These participants viewed the most significant limitations of getting 
an in-house printer was the initial high cost of the equipment and lack of justification for the 
investment. Participants emphasized that the high costs also include: (a) the training of 
Figure 4.13. Participant views on using in-house printers vs. DTP service companies. 
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faculty and staff, (b) the maintenance, updates, and supplies, and (c) repairs or replacements. 
Participant 7 shared that although their university is pushing for integrating technology, the 
faculty was not ready to integrate DTP. There were people who have always done it one way 
and were skeptical to change; they were fearful of technology, and they said “what if it 
breaks?, how do we fix it?” (Participant 7). Participant 11, who had the printer in-house 
claimed “all of this is a huge learning curve - owning your own machine is really expensive 
to fix; so now it is part of the budget”. The assumed benefits of having a printer in-house 
were the amount of aesthetic experimentation you are allowed, the speed to print and show 
samples, and the immediacy to print on demand.  
Online DTP service companies had their own benefits and limitations different from 
using an in-house printer. The waiting time emerged as the biggest limitation for using DTP 
service companies and not having the cost and maintenance of the equipment emerged as the 
biggest benefit. Participant 1 shared their justification for having a printer in-house: 
The time it takes to send away and stuff for things I think is kind of prohibiting in 
some ways, which is why I would really, really like to have a printer here because it 
would allow for experimentation in down time…and it also would be a little bit more 
instant gratification, like we have a large dance department here and because of that 
creative process it would be really helpful to be able to print off swatches and say 
wouldn’t this be interesting as opposed to taking the time to design something, 
sending away for it, getting it weeks later, then making adjustments, and then 
repeating the process again. So from that standpoint it saves a lot of time. 
Participant 4 was working on acquiring their own printer to provide quicker turnaround time 
so they don’t have to wait 10-12 days for the fabric “but before we have one, we need to 
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figure out how to maintain and use it.” Concern over upkeep of the technology once it is 
acquired was a common concern over many technologies discussed during the interviews. 
Over half of the participants recognized Spoonflower as the online DTP service 
company that they or their students have used, but mentioned other DTP service companies 
that they have used or of which they are aware. Participant 8 identified another limitation of 
DTP service companies as not having more of an outlet other than Spoonflower. However, 
most participants agreed that Spoonflower is relatively easy to use and comparatively cost 
effective.  
 Some participants mentioned trying to make stronger connections with fashion 
departments that already have an in-house printer. Participant 7 shared a common mission 
with a few of the participants when they stated:  
We have an apparel textile design in the fashion area…we are currently trying to make 
more connections over there. I know they do offer a DTP design class, I don’t know 
what types of materials and what types of processing they have, so that is something I 
am interested in… currently, we don’t have the route to do that [DTP].   
Personal costume design or production process 
When the participants were asked to share their ideal design process most of them 
said it depends on the show, however the general design process steps were similar to those 
outlined in chapter 2 by the author. The participants identified the following contributing 
factors that make their ideal design process: (a) collaboration, (b) having enough time to 
explore the process, and (c) a healthy budget. Participant 6 shared the “ideal circumstance for 
the design process” as collaborative, at the “first meeting there is time to talk about the piece; 
no agenda to start,” and then having the “time to explore an idea” and then let go of it. 
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Within the theme of the participants’ personal costume design or production process, 2 
subthemes emerged within the context of this study: (a) fabric sourcing, swatching, and 
manipulation, and (b) use of digital technologies in practice. 
Fabric sourcing, swatching, and manipulation. The participants expressed a variety 
of stages when they swatched and when they selected the final fabrics for a show but all 
fabric swatching stages were related to the various stages of sketching. A few participants 
mentioned a pre-swatching period during the development of rough sketches. Participant 2 
described their fabric selection to have multiple steps starting with “eye swatches” to get a 
sense of the type of fabric they might want. Many participants warned about the potential 
trouble a designer can get into when they present rough sketches with swatches meant only to 
represent a fabric idea of which they were thinking. Participant 3 said “it is really dangerous 
to show a director a fabric that you might not be able to get - even if it is similar and meant to 
only be a similar swatch, but they [director] feel like that it was promised.” 
Typically after the rough sketches, designers moved to sourcing and swatching 
fabrics and costume renderings but conduct these steps in different orders; (a) some render 
and paint their costume rendering and then source and swatch fabrics, (b) some render, 
source and swatch fabrics, and then paint or colorize the renderings, and (c) some swatch and 
source fabrics and then develop the renderings once they know what fabrics are available. 
Fabric shopping and swatching after roughs and before renderings “lets the fabric help 
inform the design” sometimes you find the perfect fabric you did not even know existed 
(Participant 6). 
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Even at this stage, many participants shared the problem of rendering a fabric or 
selecting a swatch, showing it to the director, and then not being able to find the fabric that 
was rendered or the bolt from which the swatch came from is no longer available: 
I like to not necessarily heavily commit to strong fabric choices until I know they 
exist. Because I have just figure out…the minute you pick a big bold blue stripe it 
does not exist anywhere. Now obviously digital textile design is really helping to 
remedy that (Participant 1). 
 Participants agreed that one of the biggest hurdles in the design process is finding the 
fabric. “Textiles are harder and harder to come by”, fabric stores are closing and you are not 
finding the quality of the fabrics for the price, and variety becoming less and less (participant 
8). Geography was a challenge many designers shared since they prefer to swatch and buy 
fabrics in person. Getting the right color palette, texture, drape, and print style was another 
challenge; therefore many designers manipulated their fabrics. For example, if the color is 
not right but the drape is, they dye it; if the texture or weight is not right but the print is, they 
interline it for structure or manipulate it with pleating, or smocking for texture; and if the 
print is nonexistent and the texture and drape of the fabric is right, they screen-print, paint, 
stamp, distress, age etc. Participants also mentioned using fabric manipulation, such as 
dyeing and painting as ways to make sure the fabric looks unique and not as though it came 
directly from the fabric store shelves. Participant 2 stated:  
I do tend to create all of my fabric in my designs. Well, almost all of my shows once I 
started dyeing fabric, almost all of the shows, that was a key element of it. Then I 
could create a complete look… design by dyeing everything. Some of them were 
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quite involved, especially when I had the shop that could handle all of that. Certainly, 
my dye work has affected my design a great deal. I started dyeing in graduate school. 
Use of digital technologies in practice. During the interviews, participants were 
asked what types of technologies they use or have used in their design or production practice. 
Figure 4.14 represents the types of technologies integrated during identified costume design 
and production steps. Not all participants used all of the technologies listed in figure 4.14; 
some only tried certain technologies, some use a few technologies, and some use certain 
technologies all the time.  
A common attitude among the participants was that certain technologies, such as 
CAD patterning and 3D printing, were too complicated and were not used unless there was a 
specific need. More than half of the participants included digital rendering in the types of 
technologies that were too complicated; Participant 4 stated that it did not make sense to take 
Figure 4.14. Participants’ technological integration in the costume process 
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the time to learn the technology when you can do it quicker by hand. None of the participants 
were using CAD patterning software programs and a few participants said they force 
themselves to integrate CAD rendering into their established manual rendering style. 
Participant 1 preferred a hybrid of digital and hand, by scanning actual fabric, then scaling 
that down, and finally hand rendering highlights and shadows over the top. Other participants 
mentioned a hybrid method of scanning multiple copies of hand renderings and then digitally 
painting color or textures into them. Participant 6 used an iPad Pro for digital rendering 
because it uses the same exact posture as hand rendering and applies digital effects using 
Photoshop tools. Participant 6 shared their experience of learning how to render light up: 
 Once I learned how to harness the technology I took a screenshot of the light up 
curtains ordered for the mermaid tails for Peter and the Starcatcher and I could digitally 
paint with them, I dumped them into the rendering. I was terrified and then I was oh my 
God that is what this does! I was so enamored with the trick. 
 Participant 5 had been using technology for years and considered themselves “pretty 
technologically savvy in context of everybody,” and used Skype and FaceTime for fittings, 
or shopping the show, and texted photos for “all of the real time stuff” and was a  
“big Excel spreadsheet user” for costume plots, meeting notes, research, and then exported 
data into individual character documents. Participant 5 believed:  
The thing about technology that makes it progress is either you are trying to make it do 
something it doesn’t currently do because you want it, pushing it, or you are 
experimenting with it and having the technology inspire what you do. You need to 
progress in a way that will keep it [technology] growing. 
Participants shared how they were using technology in a way that was different from what 
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the technology was intended to do. Participant 2 shared their computer hack for small-scale 
DTP:  
We have done small amounts of ... Like if we have to do a patch or something 
specific, then we will do ... I have a wide format printer, so we'll print. We usually 
use freezer paper and adhere it to our fabric ourselves rather they buying it pre-
papered. We'll run prints or things that we need specifically, but not, obviously, full 
widths of fabric because we don't have the facility here on campus to do that. We 
applied for money to purchase a printer and didn't get it, but we tried. 
A few of the participants were actively using online DTP service companies in their 
practice. Participant 1 was “self-taught in DTD and did not grow up with technology” and 
now creates a lot of their own textiles and has them digitally printed. Participant 4 used “DTP 
professionally very much and suggests it to many colleagues and friends to use it” and even 
though they are “not good at Photoshop, but good at work around and good at asking for 
help”. Plus, participant 4 had used the repeat program that Spoonflower has and claimed it is 
“very user-friendly and easy.” 
Access to digital technologies 
 Another theme to emerge was a costume programs’ faculty and student access to digital 
technologies and included the following subthemes: (a) access within the costume program, 
(b) access within academic makerspaces, and (c) community access outside of an institution. 
Most costume programs are not laden with technology. Participants shared the frustration of 
having specific technologies within the department that were not being used because the 
faculty has not been trained on how to use them or the technology has been marginalized 
because of program priorities. Participants were both aware and unaware of the presence of 
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academic makerspaces, technologies within the makerspaces, and how the makerspaces 
operate.  
 Within costume departments, the most common technologies mentioned were 
computers, photo editing software such as Adobe Photoshop or CorelDraw, scanners, and 3D 
printers. Participant 6 shared that even though they have the equipment to print in 3D “we 
can’t do it because we don’t know how to do it” and stated that if they don’t know how to 
print in 3D than they “certainly can’t teach it”. Not only were participants concerned that as 
faculty members they need to learn the technology before they can teach it but also with the 
rate at which technology changes and their ability to keep up with the changes.  
 A viable option for accessing not only the technology but digital knowledge as well 
were academic makerspaces. However perceptions of using makerspaces varied, some felt as 
though they already needed to have knowledge of technology and some felt as though the 
makerspace staff is there to train and assist the use of technology. Academic makerspaces 
can be exclusive to departments and colleges or open to the entire university. Participant 10 
said their university was a “powerhouse of makerspaces across campuses here - there are a 
lot of other technologies we are able to incorporate here - there is not a 3D printer here in this 
room but I have printed a whole lot of 3D printed stuff because I work with the science 
library and there is campus-wide thrust of research support”. Some participants incorporated 
visiting makerspaces, watching technology demos, and training at a makerspace as a 
requirement for their classes. Participants commented that students would not go if you don’t 
gently force them and once they do go they are typically excited about the possibilities. 
  Participants were aware of laser cutters, CNC machines, 3D printers, and digital textile 
printers at certain academic and community makerspaces. One participant was surprised to 
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learn that a local community makerspace just got a digital textile printer. “With the advent of 
[community] makerspaces it seems like there are more and more places that have equipment 
for community members; its funny community members tend to be more aware of it [DTP] 
than the actual theatre [members]” (Participant 9). Participants also shared the level of 
interdisciplinary interaction for their programs. Some programs require courses from related 
disciplines, and some do not. Because “fashion programs that garner the support” for 
technological investment and share similar design and production methods, participant 8 
suggested they try to align with them. 
Perceptions of students’ digital knowledge and level of technology acceptance 
Participants assumed there is an “innate digital vocabulary with students but it’s a 
huge mix” (Participant 1). “Some of them come in with a lot of computer experience; some 
of them come in with none” (Participant 2). The perception of students’ digital knowledge 
and level of technology acceptance was another emerging theme from the interviews. 
Participant 8 believed students are “really tech savvy” and felt that even with technical issues 
“student are still pretty fluid with interfacing with the technology and it’s something they 
recognize and are comfortable with.” Participant 4 said they no longer teach Adobe 
Photoshop because “the students come in capable” and a lot of time the students are “more 
skilled than the faculty” (Participant 8).  
On the other hand, some super tech kids were very uncomfortable doing things by 
hand. Participants were concerned that some students assume the technology will do the 
work for them. Participant 5 expressed this concern in terms of costume illustration: 
They want the technology to replace the fact that they can’t draw - the computer is 
never going to help that – but if they continue to be very rigorous about drawing and 
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be very rigorous about keeping up with the technologies you will be able to maximize 
the use of both of those things. 
Participant 10 agreed that “there is something important in keeping both worlds, but I would 
like to push more into the digital” and that the students were more comfortable with the 
digital. Participant 6 said that they were worried about students relying on technology as a 
trick or gratuitous design decision; the students still have to know aesthetics and design 
theory and should view technology as just another tool. Participant 6 continued: 
For me the drawing process isn’t faster, what is faster is the “oh we want to do 
something else” - the redo is faster - it’s the editing or the change that gets 
exponentially faster – you still need the simmering time and exploration time- want to 
see a color change…well instantly here you go. So to me that is really harnessing the 
power if it. My concern is complacency of accepting what the tool can do – what its 
trick is as opposed to… a design still needs to start with the idea and the digital tool 
helped me illustrate that idea more accurately but it did not dictate the idea. 
“The students do want to know it all, but they are really impatient with not knowing it - not 
many of them want to take the time to get good at it” (Participant 5). In terms of DTP, 
Participant 4 said that students were totally unaware of how easy it can be and it was 
“shocking to me how many are not aware of it or don’t consider it for an option” even though 
they are technologically savvy. Participant 7 was encouraged that even when students said 
they did not know if they doing it right, they were “totally receptive and very excited to use 
it” (Participant 7). Then they realize it is not as hard as they thought it would be and can see 
the upside of DTP. “Students are very good at coming up with the [DTP] files,” and have 
created things much more readily, and can send things off to be printed. 
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Pedagogical perspectives on student preparation for the costume industry 
Throughout the interviews, the participants expressed their opinions of how they are 
succeeding in preparing students for the costume industry. Many programs offered real-life 
costuming experience through academic theatre and costume shops, theatre in residences, 
and internship opportunities. They also expressed what they felt their programs need to 
change to better prepare their students. The final theme to emerge was the pedagogical 
perspectives to student preparation for the costume industry, and the subthemes which 
include: (a) academic theatres and costume shops and theatre-in-residences, and internships, 
and (b) awareness and exposure to the changes in the costume industry. 
 Academic theatres and costume shops, theatre-in-residences, and internships. A 
perceived strength for student preparation, across all of the participants, was the real world 
costume experience that their programs provided. Many academic theatres and costume 
shops operated just like regional ones and some programs had the benefit of having a theatre-
in-residence that enhances the students’ experience. Many participants felt as though the 
high-quality professional level of costuming that the students are exposed to “helps to 
educate your eye” (Participant 2). 
Awareness and exposure to the changes in the costume industry. The participant 
comments were congruent with the literature in chapter 2; they believed the costume industry 
was changing, some believed at a slower rate than other disciplines in theatre. As educators, 
they were responsible for acknowledging the changes and preparing the students by making 
them aware of the current state of costuming. The level of educator acknowledgment and the 
level of students’ awareness varied tremendously. 
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“Ultimately costume is old school, we are remaking clothes out of fabric, technology 
can enhance it, it can’t replace it” (Participant 3). Participant 8 agreed and added that 
costume is “still put together in the same way” but how you get there is changing and the 
materials that you use are different now. Participant 8 said that the more students are exposed 
to the changes, the more skills they will acquire, and the more marketable they will be: 
I think that all has been helpful for them because you never know when you go out 
into the world, what you are going to be working in, film, or TV, or production 
houses, or more regional theatres like this one that are based in academia, you never 
know what can make you more marketable. 
 “Technology is inescapable” (Participant 10). Participants talked about current and 
future technological changes. Current technological changes that were identified by the 
participants included CAD rendering, 3D printing, laser cutting, and DTP. Participant 1 
believed that “from an educational standpoint- we need to embrace new things, always be 
looking at new trends, and keep it refreshing by always learning new things. CAD rendering 
was the most common technology that students were exposed to on a level where they were 
practicing it. Participant 2 states: 
We encourage them to design in class, to do a show on the computer, whether they 
draw and scan in their figures and then manipulate them, or... but we encourage. We 
don't force, but almost everybody does take that advantage and do a show on the 
computer. Some of them fall in love with it, and some do not. 
 Since many of the participants were not proficient enough to teach many of the current 
and emerging technologies, they had experts come in to do demos. Educators were also 
“giving them backgrounds in the types of technologies that you will have to use” by going to 
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the makerspaces and exposing them to the assistance available. “That, certainly at least gives 
them [students] the information that they need to be able to use it and know where to go” 
(Participant 2).  
 Participants emphasized the importance of not losing the analog methods of drawing, 
patterning, surface design, and construction. Some thought that what you learn by hand 
teaches the process and one will be trained on particular software in practice. Others thought 
that sometimes by teaching software tools one loses the importance of theory and skills. 
Participant 10 discussed the reworking of a tech class that used to have pattern making 
software in the curriculum and has decided to remove it because the students were not 
grasping the theory of patternmaking. Participant 10 believed that it is more important to 
know the theory because the software is always changing in the industry: 
They don’t care if you have seen it before or not, they will teach you. You are still 
going to have to go through the training of whatever the most current iteration of it is 
and the drafting they learn manually on paper teaches them what they need to know 
about the process and the software is irrelevant because it will always be something 
beyond what you have just learned 
 Future changes identified by the participants included 3D visualization, wearable 
electronics, and CAD patterning. Participant 5 believed “the more 3D visualization our 
students can see, the more they will use that - this is where I feel really behind – it could be 
so useful and have the virtual fabric be animated - actually see especially use the 3D scan of 
the actor- will happen but maybe not in our so labor intensive right now-eventually get it so 
easy”. Participant 5 also believed that in the future we will all need to know how to code - 
performance technologies as computer scientists and artist - keep up with the new programs 
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constantly need to be learning instill in students you will always instill a habit of keeping up. 
 As an educator, participant 1 just added 3D printing and DTP to the end of their 
construction class just for exposure stated how much they would like to create more 
coursework around DTP. Participant 4 reiterates:  
The most important thing is to make my colleagues … and the rest of the costume 
design world understand from an educational point even if it is not something that 
we’re going to embrace personally I still think it is our responsibility to make our 
students aware of it as an option-you know maybe it is not the right thing for the show 
or for someone’s aesthetic or whatever their reasoning may be, I still think it is our duty 
to make them aware of it and at least try it so they feel that when they are stuck [with 
limited fabric selection] they can still go to their computer and print a beautiful piece of 
printed chiffon and have it arrive in two weeks instead of spending 3 days scouring the 
internet and weeks driving around and still not finding what you want. 
 No matter what the technology, participants felt academia was struggling to figure out 
what technologies to invest in, where they should be housed, and who should be trained. 
Many participants were in the process of writing grants and defending budgets to incorporate 
the current and emerging technologies seen in the costume industry. According to the 
participants’ responses, one of the central reasons why funds are not granted was because of 
a lack of justification for the investment. The results from Phase I and Phase II of this study 
could help justify the investment because it provides industry and academic perspectives on 




Experience Prototype Results 
 The purpose of creating a series of EPs was to test alternative methods in the digital 
textile design and printing processes, to enhance the perceived ease of use, and to provide 
access possibilities to more costume designers. Phase III of this study resulted in the creation 
of sixteen costume artifacts, across a series of nine EPs which were used to test the taxonomy 
and provide examples for educators. The design plan for each EP was based on the leading 
attributes discovered from the trend analysis and the technological integration plan was based 
on the leading themes discovered from the educator interviews. 
 In the next chapter the EPs will be discussed in depth to provide insight into the 
various levels of technological integration possible with DTD and DTP. The EP discussion 
uses the taxonomy to guide and test the EPs and uses the proposed models to illustrate the 
range of conventional to high tech steps required for certain DTP attributes. 
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CHAPTER 5. DISCUSSION 
 The previous chapter provided the results from the trend analysis and the educator 
interviews, and the EPs. This chapter discusses Phase III of this study; setting out to answer 
its last research question: 
3. What new costume design and production process models can be developed 
through the creation of a series of experience prototypes to test the DTP use in 
costumes and provide examples for academics in costume design and production? 
To answer this question, the researcher/designer created EPs that encompassed 
multiple skill levels, provided several options to access technology, and incorporated a 
variety of aesthetic outcomes. The researcher/designer spent the past two years teaching 
computer-aided textile and fashion design at a post-secondary education institution while 
continuing to work as a costume designer and draper. The CAD design courses, including 
digital textile surface design and CAD illustration, used off-the-shelf and proprietary 
software. CAD garment patterning using 2D and 3D methods were incorporated into the 
design courses. During this time, motifs were developed, layout methods were practiced, 
technology tutorials were established, and procedures for integrating multiple technologies 
into costume/theatrical fashion design practice and education were created.  
 Phase III of this study resulted in the creation of sixteen costume artifacts, across a 
series of nine EPs designed to synthesize the results of Phase I and Phase II. The artifacts 
were then used to test the taxonomy of DTP attributes for costume/theatrical fashion use and 
to provide examples for educators. This chapter is devoted to the discussion of: (a) the 
building and testing of the taxonomy, (b) the steps, risks, and solutions of the EPs, and (c) the 
development and use of the model. 
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Building the Taxonomy 
 The use of the trend analysis instrument to identify attributes of DTP use in costume/ 
theatrical fashion designs as promoted by online DTP service companies proved to be a 
helpful, yet limited, view of the DTP aesthetic and functional characteristics. The results 
from Phase I showed that even though many online DTP service companies were identified 
during the keyword web search as DTP for costume, they did not provide costume/theatrical 
fashion examples. Contrarily, some online DTP service companies that were not identified 
during the keyword web search as DTP for costume did provide many costume/theatrical 
fashion examples. Nevertheless, the seventy-nine screenshots, which were used in Phase I, 
were significant in the development of the hierarchy of the aesthetic attributes for the 
taxonomy. The results from Phase II provided additional information for the taxonomy. 
Educators’ use and perceptions of DTP informed the hierarchy for the functional attributes of 
DTP, something that was not as easy to discern from the trend analysis phase. 
Results from both the trend analysis and the interviews were used to develop, edit, 
and refine the taxonomy. The initial draft of the taxonomy, created after the data analysis of 
Phase I, identified the emerging aesthetic and functional themes for using DTP technology. 
The dominant aesthetic themes included aesthetic effects, repeat and engineered layouts, and 
artistic style. The dominant functional themes included time, cost effectiveness, and 
streamlined repeatability. The initial draft was reviewed by the audit coder to refine the 
clarity of Phase I results. As Phase II data was coded and reviewed, it became evident that 
the additional themes of digital access and digital aesthetic specificity needed to be added to 
the taxonomy of DTP attributes for costume/theatrical fashion use.  
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A return to the literature, lead the researcher/designer to a deeper investigation of the 
aesthetic specificity that is only possible with the advent of DTP. In addition to DTP’s 
unlimited colors, photorealistic imagery, and large-scale print possibilities, the functional 
theme of time and the aesthetic themes of layout and artistic style overlapped with aesthetic 
specificity only possible with DTP. Major reasons to use DTP are to attain attributes not 
possible without it; these attributes are placed higher within the taxonomy. Multiple drafts of 
the taxonomy were developed during the analysis of Phase I and Phase II. The drafts were 
reviewed, discussed and revised by the audit coder from Phase I and Phase II as well as the 
major advisors. Figure 5.1 shows the taxonomy in its final stage for this study (See Appendix 
I for larger image). 
 
 
The final version of the taxonomy identifies the overlaps in categories and highlights 
the attributes that are exclusive to DTP. These exclusive attributes are only possible with 
DTD and DTP and are major reasons for selecting DTP as the printing method. Therefore the 
Figure 5.1. Plummer taxonomy of DTP attributes for costume/ theatrical design use 
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exclusive categories became the highest level within the hierarchy of the taxonomy and are 
indicated in green shapes with bold font. However, DTP can also be used to achieve prints 
that have a conventional appearance - attributes valued by educators and represented in the 
trend analysis screenshots as valid aesthetic and functional reasons for utilizing DTP. 
 The taxonomy has categories and subcategories that are indicated by position, size, 
and color. In addition to the green exclusive category already mentioned, dark gold 
represents the main aesthetic/technical DTP attribute categories and light gold represents its 
subcategories. Dark blue represents the main functional/technical DTP attribute categories 
and light blue represents its subcategories. When the subcategories extend from a single spot 
from the main category, the hierarchy for the subcategories is assumed as a choice and 
therefore flexible within its section. In other words, the main category of high degree of 
aesthetic specificity has many subcategories; the subcategory millions of colors is not in a 
higher position over large-scale prints as a reason to use DTP. Depending on the design 
direction specific subcategories may be selected individually or in combination with others. 
The following sections discuss the categories and subcategories concerning the reasons for 
using DTP. 
Aesthetic/technical DTP attributes  
 Aesthetic/technical DTP attributes main categories include: (a) artistic motif/surface 
design style, (b) layout development, and (c) aesthetic effects. Two aesthetic/technical 
attributes that crossover with a functional/technical category include: (d) coordinate 
colorways for multiple ensembles or the set and (e) ease in multiple levels of distress for a 
particular costume. In the taxonomy, these two attributes are subcategorized under 
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streamlined repeatability because even though they have aesthetic attributes the functional 
attribute is the predominant reason for using DTP.  
The artistic style category includes subcategories to describe the way the motif or 
surface design is created. One subcategory employs conventional analog techniques of 
painting, drawing, and handcrafted collage. Another subcategory groups digital and analog 
techniques for design styles that are realistic or stylized. The final subcategory is 
photorealistic, digital collage, etc. which also crosses over with attributes only possible with 
DTP, and therefore this subcategory is both gold and green. 
 The layout development category again includes analog and digital levels within the 
subcategories and also has subcategories that overlap with attributes only possible with DTP. 
The layout categories include: (a) set repeat layout tiles, (b) seamless repeat layout tiles, and 
(c) analog engineered placement prints. Set repeat layout tiles can be printed digitally using 
DTP services and their tools, to place into set repeats. Seamless repeat layout tiles require 
more digital manipulation to develop the seamless repeat. Also, analog engineered 
placement prints require some digital manipulation to prepare the files for DTP. Digitally 
engineered prints are layouts that are only possible with DTP and can be designed as: (a) 
repeatless yardage, (b) motif placement within or across pattern piece shapes, or (c) pattern 
piece shapes that are dictated by the motif. The results of Phase II show that very few 
costume educators have used or are even aware of digitally engineered prints, yet the 
educator’s perceptions of the possibilities with digitally engineered prints would be a reason 
to integrate DTP into their program and practice  
 Educators agreed with a few of the aesthetic effects, discovered in Phase I, as reasons 
to use DTP. The category aesthetic effects was divided into 2 main categories: (a) trompe 
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l’oeil and (b) reproduce surface designs. Trompe l’oeil, which means to fool the eye, includes 
the illusions of the following subcategories: (a) distressing, (b) garment design elements, (c) 
body elements, and (d) layers, texture, and weight. Reproducing surface designs can be 
designed with analog or digital methods and still be printed digitally. Hand surface 
manipulation techniques, such as batik or embroidery, could be digitally reproduced and at 
times could have a trompe l’oeil effect as well. Reproducing surface designs in different 
colorways, scales, etc. could take an original surface design and digitally manipulate it or 
simply start with a digital design. The subcategory that does seem to have hierarchal status 
according to the results from Phase II is to reproduce surface designs of vintage prints that 
are no longer available. This subcategory has a stronger functional reason even though it is 
an aesthetic effect; therefore the vintage prints no longer available subcategory has the larger 
light blue oval around the light gold oval in the taxonomy  
Functional/technical DTP attributes  
 Functional/technical DTP attributes main categories include: (a) streamline 
repeatability, (b) cost effectiveness, (c) increased digital access, and (d) time. In addition to 
the two subcategories mentioned in the previous section, streamlined repeatability also 
includes ease in scaling duplicate costumes for swings and ensembles and lengthening the 
life of costumes. To lengthen the performance life of costumes, worn out sections of 
costumes can be reprinted by: (a) scanning the original fabric, (b) digitally designed 
costumes can be reprinted, or (c) duplicate costumes can be printed for multiple runs.  
 Cost effectiveness is becoming more of a functional reason to use DTP. Initially it 
was costly, but now it has become more affordable. Also the ability to print shorter runs 
makes it more cost effective compared to conventional print runs, which typically require 
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large setup fees and minimum yardage not practical for a single costume or ensemble use. 
Another part of cost effectiveness includes fewer labor hours spent in designing the print, 
manipulating fabric, and embellishing. Although, according to the results from Phase II, 
some educators would argue that the time required to learn to utilize DTD and DTP outweigh 
the potential DTP labor cost savings and some educators would argue that after that time 
invested in learning, DTP is incredibly labor cost saving. A response from Phase II explains 
the educator’s persistence to try to have a student take the time to digitally create the repeat 
for a design that planned to be screen printed on several yards. The time invested in the 
digital design would have significantly cut down on the labor costs for the time the costume 
shop needed to make the screens and print the entire yardage and would have been close to 
the same cost for materials.  
 The educator’s example was also related to the next main category of increased 
digital access, both in terms of (a) increased digital literacy in emerging designers and (b) 
increased access to digital technologies. Many new designers have been using CAD in some 
form and are relatively comfortable using technology, plus DTP is becoming more accessible 
through online DTP service companies and makerspaces. For some designers, DTD and DTP 
have become tools that they have added to their toolbox. There are instances where the 
option to digitally design or to digitally print is the best option in terms of aesthetic and or 
functional reasons. A few educators emphasized the need to not use DTP as a gimmick, but 
rather as a viable option when seeking out fabric sourcing and fabric manipulation 
possibilities.  
 Time for the DTP itself is a functional/technical category that includes: (a) relatively 
quick turnaround and (b) provides speed in reproducing surface designs. Once a design is 
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prepared for DTP it only takes a few hours to print using an in-house printer and only about 
ten days to receive a finished print from an on-line DTP service company. Speed in 
reproducing can also include making adjustments to digital surface designs to reprint. The 
other subcategories of time are shared with the main exclusive DTP category of instant 
digital imaging process. Because the DTP process is so different from conventional set up 
methods, a DTD can be printed right away. The immediacy allows designers the ability to 
explore artistic novelty with a high degree of aesthetic experimentation.  
Aesthetic/functional/technical attributes only possible with DTP  
The new aesthetic language that is being developed because of DTP is providing 
designers with visual capabilities never before possible with conventional methods. The 
category high degree of aesthetic specificity includes: (a) millions of colors, (b) extreme tonal 
effects and fine lines, (c) special digital effects, (d) photorealistic imagery, and (e) large-scale 
prints and are only possible with DTP and DTD technologies. As mentioned previously, DTP 
has eliminated the need to color reduce artwork for the screen number limitation associated 
with conventional printing methods. DTD uses software to create and manipulate artwork not 
previously possible with conventional textile surface design.  
The results from Phase I and Phase II support the taxonomy’s exclusive DTP 
attributes as significant reasons to use DTP. The aesthetic and functional attributes provide 
reasons to choose DTP over conventional surface design and printing methods. The 
taxonomy was used to provide design direction for the EPs created in Phase III of this study. 
After the EPs were completed, the taxonomy was tested by the researcher/designer. The 
discussion of testing the taxonomy follows the EP series discussion. 
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Experience Prototype Overview 
Before each EP is discussed, it is necessary to reiterate the purpose of EPing and 
identify the role of the artifacts created as a result of the EPs. For this study EPing allowed 
the researcher/designer to reflect, evaluate, and document every step in the DTD and DTP 
processes. By applying Boehm’s spiral to the experience prototyping, alternatives were 
continuously sought out, and information learned in one EP was applied to another. The three 
EP series, A, B, & C, were not executed sequentially but rather simultaneously with constant 
evaluation by the researcher/designer. A total of sixteen artifacts were created throughout the 
nine EPs – five of the EPs had two costume iterations within its EP, and one of the EPs had 
three iterations within its EP. Table 5.1 represents the sixteen artifacts in the order that they 
were executed with the artifact name and categorized by its EP series and iteration.  
Table 5.1. Experience Prototype Artifact ID Numbers, Names, and Iterations 
Artifact ID# Artifact Name Experience Prototype Iteration 
#1 1770s Robe a la Française EP A1 - First Iteration 
#2 Steampunk Watercolor Female EP B1 - First Iteration 
#3 Steampunk Male EP B1 - Second Iteration 
#4 1580s Gown and Kirtle EP C1 - First Iteration 
#5 1967 Shift Border EP B2 - First Iteration 
#6 1967 Shift Brick EP B2 - Second Iteration 
#7 1770s Trompe L’oeil Waistcoat EP A2 - First Iteration 
#8 1770s Trompe L’oeil Distressed Waistcoat EP A2 - Second Iteration 
#9 1600s Doublet and Breeches  EP C2 - First Iteration 
#10 1600s Distressed Doublet and Banners  EP C2 - Second Iteration 
#11 1770s Jacket and Waistcoat EP A2 - Third Iteration 
#12 The Oz Effect – Technicolor EP C3 - First Iteration 
#13 The Oz Effect – Black and White EP C3 - Second Iteration 
#14 Fried Transformation EP B3 - First Iteration 
#15 Midsummer Victorian Fairy EP B3 - Second Iteration 
#16 Kimono EP A3 - First Iteration 
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In this discussion, however, the artifacts are not presented sequentially by artifact ID 
order but rather sequentially within its EP series. Since each EP series started with its own 
design plan and spiraled through iterations of problem-solving, it was more useful to discuss 
the artifacts within the context of its EP series. Tables 5.2 and 5.3 show how the DTP 
attributes and educator themes were distributed across the first round of EPs.  
Table 5.2. Attribute Combination Plan for Experience Prototypes A1, B1, and C1 






Type Period/ Historical Modern/futuristic Period/ Historical 
Amount of DTP 
per Costume 
80% - 100% 80%- 100% 25% 
Number of 
colors used  
Moderate (11-25) Unlimited; limited Unlimited 








Created - not possible 
without DTP; Trompe 
l’oeil 
Reproduce a surface 




Floral Conversational Textural; Geometric Geometric; floral 
Motif 
Development 
Digital (and analog 
planning) 






Multiple motifs, very 
complex 
Half scale – complex 






Digital repeat tile: 
seamless half drop 
Analog engineered 
within and across 






Reproducing a vintage 
print; Explore aesthetic 
novelty; Increased 
access to digital 
technologies - 
proprietary 
Increased access to 
digital technologies; 
increased digital 
literacy in emerging 
designers 
Cost effective - fewer 
labor hours spent – 
embellishing; Time 
speed in reproducing 
a surface design 
 





Special digital effects; 
extreme tonal effects 
and fine lines 
Large scale prints; 









Table 5.3. DTP Themes from Educator Interviews 
EP A1 
Educator DTP Themes 
EP B1 
Educator DTP Themes 
EP C1 
Educator DTP Themes 
Perceptions – control to 
create what you want but not 
bring used to its potential 
Perceptions – fear of 
engineering prints and don’t 
have the resources 
Perception – don’t’ know 
how to use it, afraid to use 
it, don’t have the resources 
Benefits – reproducing a 
vintage print 
Benefits – good for 
expressing conceptual 
Benefits – saves man/labor 
hours, saves cost 
Limitations to overcome – 
lack DTD skills – not being 
able to the visualize fabric  
Limitations to overcome – 
lacks visual and tangible 
texture 
Limitations to overcome – 
lack of time and desire to 
learn 
Using technologies already 
established with exposing 
emerging technologies  
Using technologies already 
established for engineering 
hack 
Using technologies already 
established to translate 
manual to digital 
 
The researcher/designer’s patternmaking experience and garment construction 
allowed the focus of EPs to be the process of integrating DTD and DTP by significantly 
reducing patterning and construction issues. However, the tacit knowledge used by the 
researcher/designer, that was vital to the integration of DTD and DTP, was included in the 
documentation and communication. By the nature of practice-led research, new solutions are 
created for problems not yet known. Therefore, emerging DTP attributes and themes, based 
on the iterative solutions and researcher/designer evolving creative directions, were also 
investigated. As Phase III progressed, constant reflection within and across the EPs to apply 
the knowledge and technical skills gained. Each EP was evaluated for the DTP aesthetic and 
functional attributes used, levels of technical integration instituted, types of user knowledge 
required, and alternative possibilities explored. The next three sections introduce the series 
and explain each artifact’s design process using the steps from chapter 2. Steps 1, 2, and 3 are 
presented individually within the series and then steps 4 and 5 are presented collectively. 
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Experience Prototype Series A 
Series A began with investigating one of the leading reasons, as stated by costume 
educator/practitioners, to use DTP for costumes – sourcing appropriate prints. A common 
frustration across all categories of theatrical productions is not being able to find the fabric 
the costume designer has envisioned, especially when it comes to finding period appropriate 
prints. DTP empowers the designer with the possibility of designing exactly the fabric they 
had envisioned, whether it is a historic print or an artistic exploration. Series A began its 
spiral by digitally creating historical prints for period costumes and finished by designing a 
photorealistic print which was planned at the costume rendering stage. As the series (Figure 
5.2) moved through the iterations of EP A1, EP A2, and EP A3, alternatives for DTD and 
DTP were explored and documented.  
 
 
Figure 5.2. EP series A, artifact IDs from left to right #1, #11, #8, #7, and #16 
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EP A1 Artifact ID #1 
Step 1: Discovery and definition for #1. EP A1 was the first EP of the Attribute A 
series and was the first artifact planned for Phase III. The previous background in historic 
costume and sculptural clothing provided familiarity with the first EP’s patterning and 
construction allowed the designer/ researcher to focus on the experience of digitally creating 
a historic surface design. In historically inspired costume design, many costumers use pattern 
resource books such as Janet Arnold’s Patterns of Fashions Series, Norah Waugh’s The Cut 
of Women’s clothes and many others, as a starting point for their garment patterning. These 
books provide scaled pattern information about actual garments from specific time periods as 
well as written descriptions of the details and construction techniques (Figure 5.3).  
Often times costume drapers manually scale up the garment patterns from the books, 
adjust the patterns to a particular actor’s body, and mock-up the design to check fit, 
proportion, and construction sequence. The manual scaling takes time and requires analog 
Figure 5.3. Historic pattern pieces to be scanned and digitally traced from Costume Close-
up: Clothing Construction and Pattern, 1750-1790, Baumgarten, Watson, & Carr, 2000.  
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grading skills. This EP used low tech digital methods for scaling and high tech marker 
making to print the full-scale paper patterns to use on the digitally printed textile.  
The leading DTP surface design attribute, set repeat, was selected for the printed 
yardage and served as a practical way for this study to the start the EP series. In this EP A1, 
DTP was used as a substitute for conventional design methods used for repeat tile print. 
Inspiration for the historical costume was investigated before the design plan was conceived. 
In Baumgarten, Watson, and Carr’s (2000) Costume Close-up Clothing Construction and 
Pattern 1750 – 1790, a 1770 – 1780 sack back gown, stomacher, and petticoat, polonaise 
style with clear photos of the textile print and surface details (figure 5.4) was used.  
 The historically inspired EP artifact featured a complex surface design inspired by 
actual textile designs from the 1770s. The digital creation of the surface pattern design was 
designed to resemble hand embroidery comprised of variegated yarns. The level of digital 
Figure 5.4. Sack back gown details from Costume Close-up: Clothing Construction and 
Pattern, 1750-1790, Baumgarten, Watson, & Carr, 2000. 
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integration throughout EP 1A was high, however many of the steps could have been done 
manually and will be discussed in the evaluation of the design and production decisions.  
Step 2: Generation and exploration for #1. For this artifact, the garment pattern 
pieces came directly from a resource, traced digitally, and exported to proprietary pattern 
making software, EFI Optitex, so the full-scale layout marker could be printed. The historic 
pattern draft pages from Baumgarten et al. (2000) were scanned using a using a regular office 
flatbed scanner with a bed size of 11 inches x 17 inches. 
The scans were opened in Adobe Photoshop to be cropped and scaled, transferred to 
Illustrator to be digitally traced, and exported as a DXF file to EFI Optitex. The pattern 
making software was used to create the marker layout, and a large format plotter (Figure 5.5) 
was used to print the layout marker. Using the printed pattern pieces from the marker, a 
muslin mock-up was created 
and altered to the fit the wearer. 
The alterations were then 
transferred to the paper pattern 
pieces. If the digital pattern 
pieces were going to be used 
for engineered prints, as in 
future experience prototypes in 
this study, the alterations would 
have also been adjusted in the 
digital files as well. 
 




 Initial sketches were created using the photos of the garment as a starting point for 
the development of the motif structure and repeat layout (Figure 5.6). This first sketch study 
involved representing the surface pattern design on the garment and also as a repeat detail. 
The initial garment sketch study lead to an understanding of the scale and repeat layout that 
was desirable for this costume. It was apparent that the vertical linear motif path would have 
to be seamless therefore the motifs were sketched with this part of the repeat planned. In 
order to get the desired detail, the motif structure was drawn larger than the intended scale of 
print, and the horizontal seamless repeat was figured by hand using a light box to visually 
wrap the repeat.  
 Using the historic reference as textile inspiration, a series of complex motif structures 
consisting of branches, flowers, leaves, vines, and birds were illustrated by pencil and 
Figure 5.6. EP A1 Researcher/designer journal pages for 1770s gown and print 
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eventually ink. The seamless repeat 
motif structure was used in the 
following ways: (a) scanned and 
reprinted with an office scanner at 
various percentages to determine 
actual print scale (see figure 5.7), (b) 
used as an under-tracing to hand paint 
motifs with gouache, the hand-painted 
motif structure was scanned and 
uploaded to Photoshop, (c) scanned 
and uploaded to Photoshop, mended, 
and used to digitally fill with color, 
and (d) scanned and uploaded to 
Photoshop and used to trace with 
digital embroidery. 
The hand-painted gouache motif structure was chosen as the way to identify the color 
palette. The scan was opened in Photoshop. Thirteen colors were selected using the 
eyedropper tool, and the palette was saved as an Adobe Swatch Exchange file so that it could 
be used in both Photoshop and Illustrator. The scans were also used to further digitally 
develop the variations of the motif structure. Figure 5.8 on the next page show the hand-
painted version 1, the Photoshop pen drawing scan that has been partially filled with the 
color swatches version 2, and the digitally drawn embroidered version 3. 
Figure 5.7. EP A1Scaled hand drawn sketch 
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 Version 2 was eliminated as an option for this prototype as it looked too modern for 
the aesthetic style intended but it was used to develop version 3. Version 1 was manipulated 
in Photoshop to have the background eliminated and the seamless horizontal repeat cleaned 
up. Version 3 was digitally drawn in Photoshop using a Wacom tablet and stylus to create the 
look of crewel embroidery. Various brushes and color combinations were used to create the 
look of variegated yarns. The pencil tool was also used to draw on bark texture on the 
branches and feather textures to the feathers.  
 After all of the digital crewel embroidery was finished, the outline layer and the color 
filled layer were deleted so only the embroidery was visible.  All remaining layers were 
merged and the white background was deleted using the magic wand tool. The motif 
structure was then put into seamless horizontal repeat using the same steps as version 1. 
When the repeat tile was tested, the straight block repeat layout was too regular with the 
prominent bird motif looking static, therefore a half drop repeat layout was preferred. A 
  Version 1: hand-painted                 Version 2: digital fill                Version 3: CAD drawn 
Figure 5.8. EP A1 versions of the 1770s gown motif structure for DTP  
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digitally created ribbon using NedGraphics, a proprietary textile design software, was added 
to enhance the traditional textile design influence of the resource. The same NedGraphics 
software was used to create a simulated woven textile background and was brought in as a 
layer for the half drop repeat tile. The layers were merged, and the tile was defined as a 
pattern, and then the tile was tested in repeat to check the alignment at the seam edges. The 
finished half-drop seamless repeat tile for EP A1 is seen in Figure 5.9. 
  The tile was saved as a TIFF file and uploaded to an online DTP service company so 
yardage could be ordered. The printed textile was used 
conventionally by laying out the paper pattern pieces 
and cutting the right and left sides separately. The 
finished ensemble utilized the print on the stomacher, 
the trim for the petticoat, and the entire gown. The 
gown was built using modern costume construction 
methods. The stomacher was interlined, boned, 
Figure 5.9. EP A1 Finished half-drop repeat tile with digital embroidery  
Figure 5.10. EP A1 Artifact #1 
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embellished with silk bows, lace, and bound (Figure 5.10). The petticoat was balanced over a 
set of panniers and the motif stripes of the print were isolated, pinked, gathered, and placed 
in a similar arrangement as 
the garment pattern resource. 
The gown was interlined, 
lined, and trimmed with 
robing made from the ribbon 
stripes of the printed fabric. 
The sack-back Watteau train 
(Figure 5.11) was secured 
under the robing. The sleeves 
were cut on the cross-grain of 
the fabric like the inspiration 
image, and sleeve ruffles of 
coordinating fabric were 
attached at the hem. The side 
fronts of the gown were 
drawn up polonaise style as a 
temporary style choice but 
could be worn in its 
traditional style.  
Figure 5.11. EP A1 Artifact #1 back view 
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 Using the digital half drop repeat tile and EasyMap by NedGraphics, the textile 
design (Figure 5.12a) was digitally mapped onto a hand painted value rendering of the 
costume (Figure 5.12b). EasyMap was designed to properly wrap and blend surface designs 
onto photographed images of garments. Using a rendering, rather than a photograph, the 
EasyMap steps were used to achieve the aesthetic results of a more traditional costume 
rendering. The software works with layers and grids to manipulate the fields being filled with 
the pattern. Once the file has been mapped, any digital repeat tile can be applied and 
simulated; thus changes can be immediately visualized. This method was also tested on 
photographs of muslin mock-ups as well as other types of value renderings.  
 
Figure 5.12a. EP A1 Digitally mapped rendering        Figure 5.12b. EP A1 Value painting 
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Step 3: Evaluation of design and production decisions for #1. EP A1 provided 
highly technical design and production processes that required the user to have advanced 
digital technical design skills for surface pattern development. The CAD involvement with 
the scaling of the pattern resource could have been performed with traditional methods 
without changing the outcome of the prototype. The trompe l’oeil embroidery was one of the 
most successful attributes to EP A1 and was the impetus to seek out less technical options to 
receive the same aesthetic effect. Table 5.4 presents the methods, technologies, and user skill 
levels for EP A1 with possible alternatives for the patterning, designing, and printing.  


























Traditional flat pattern 
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EP A2 Artifact ID #7, #8, and #11 
 Step 1: Discovery and definition for #7, #8, #11. As a costumer, the designing and 
building of costumes for stage productions that feature extravagant formal menswear of the 
1770s can be a highlight. From the luxurious fabrics to the exquisite detail, these costumes 
can be expensive, and incredibly time-consuming to create. Figure 5.13 is an image from 
Norah Waugh’s (1964) book The Cut of Men’s 
Clothes. The historic 1770s men’s embroidered 
waistcoat and jacket was the inspiration for EP 
A2, and the design challenge was how to utilize 
DTP to recreate the look.  
Stage productions, unlike film, provide a 
certain amount of distance between the audience 
and characters and therefore lend themselves to 
experiment with the possibility of illusionary 
details. The waistcoats and jacket that make up 
this experience prototype was one such 
experiment. The waistcoats used the concept of 
trompe l’oeil embroidery from EP 1A but 
developed the motifs in a more traditional 
method and used digital tools to manipulate and 
engineer the motifs to a simple garment pattern 
piece. The jacket used the same complex digital 
motif structure from EP A1 but used it in a semi-
Figure 5.13. 1770 Men’s suit from  
The Cut of Men’s Clothes by N. Waugh, 
1964. 
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engineered textile marker layout. The semi-engineering allows more flexibility with fit, size, 
and alterations. EP A2 used the next round of the attribute combination A to accommodate 
the print layout and DTD process to introduce the idea of digitally engineered placement 
prints and repeat yardage using digital repeat tools. Table 5.5 reflects only the attributes and 
themes that have changed to reflect what was learned from EP A1; the remaining stayed the 
same.  
Table 5.5. EP A2 Changes from EP A1 Attributes and Themes 
Attribute or theme Experience Prototype A1 Experience Prototype A2 
Motif Development Digital Analog and EPA1 motif 
Surface Design Layout Repeat: half drop 
figured analog and digital 
Engineered placement and 
semi-engineered using 
digital repeat tools 
Functional Elements High Degree of Aesthetic 
Specificity: special digital 
effects 
Cost effective: embellishing 
Increased Digital Access 
High Degree of Aesthetic 
Specificity: Extreme tonal 
and fine line 
Themes from educator 
interviews 
Sourcing historic prints 
Don’t have access to digital 
technologies and skills 
Fear of engineered prints 
not being able to be altered 
after the fabric is printed 
 
 Not only are lavishly embroidered pieces expensive and time-consuming to produce, 
they can also be heavy and cumbersome for the actor wearing them. The weight of luxurious 
fabrics and embellishments, especially when worn in layers, can be hot and uncomfortable. 
The numerous tiny buttons with tight buttonholes can make quick changes challenging. The 
idea of relying on the distance between the audience and the actor to make the printed 
illusion effects believable, as in the 1770s gown, was expanded upon. 
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The waistcoats used a lower-tech 
approach to the motif development but used 
higher technical procedures for semi-
engineered panels to fully engineered 
placement layouts using digitized garment 
pattern pieces. The semi-engineering of the 
embroidery placement for the waistcoats and 
jacket used the traditional layout plan of a hand 
embroidered unmade waistcoat panels (Figure 
5.14). By semi-engineering the embroidered 
edge only within the panel, multiple sizes and 
alteration can still be executed after the DTD is 
printed. Semi-engineering can also allow for the 
use of motif placement without perfectly digitizing the pattern pieces. The full engineering of 
the placement prints used lower tech digitizing techniques for the garment pattern pieces and 
experimented with digital and photorealistic motifs. Thus the A2 design process addressed 
two of the educator concerns: (a) fear of not being able to alter a fully engineered print and 
(b) not having the digitizing software or the digital knowledge to use it accurately.  
Step 2: Generation and exploration for #7 and #8. The traditional concept of the 
uncut embroidered waistcoat piece was the surface design layout model, and historic gouache 
trompe l’oeil embroidery was the inspiration for the motif development. The waistcoat 
pattern piece was manually graded using the traditional grid method and adjusted for the 
measurements of the actor. A muslin mock-up was created to check fit and pocket placement. 
Figure 5.14. Unmade embroidered 
waistcoat panel from The Cut of Men’s 
Clothes by N. Waugh, 1964. 
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The full-scale pattern pieces were scanned and digitized in Illustrator using the low-tech 
method presented by Plummer and Sanders (2016). In this method pattern pieces (half-scale 
or full-scale) are scanned using a regular office scanner. The scans are opened, scaled, and 
manipulated in Photoshop. The Photoshop file is then opened in Illustrator, a new layer is 
created, and the pattern pieces are traced using the pen tool.  
After digitizing the pattern pieces, the motif structure was sketched by hand using the 
measurements of the full-scale pattern piece (Figure 5.15). The sketch was then cleaned up 
with an ink drawing using a light table to view the original sketch underneath. The ink 
drawing was used as a painting template like the original sketch, and painting methods were 
tested out. Due to the desired painted effect, the inked version needed to be enlarged by 
200% for the hand painting to be effective and later digitally rescaled for the engineered 
digital textile garment layout marker.  
Figure 5.15. EP A2 Researcher/designer journal pages for pattern and motif plan 
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The enlarged inked motif was 
securely placed under watercolor 
paper. The motif was hand painted 
with gouache paint to achieve the look 
of painted embroidered designs (figure 
5.16). Gouache paint was chosen 
because of the opaque quality of the 
color and the relative lightness of the 
medium. In the 18th century, gouache 
was used to paint textile design plans 
because it most resembled the inks and 
dyes used to print on textiles. The 
motif spray in figure 5.16 was opened 
in Photoshop, where the background 
was digitally removed, individual 
motifs sections were copied and 
isolated and the motifs were saved as 
PSD files to be used in Illustrator. 
A new file was created in Illustrator to act as a semi-engineered panel using the 
waistcoat front and pocket pieces. Figure 5.17 shows all the steps explained in this 
paragraph. Before placing the motifs, guidelines were created to indicate the area where the 
trim would be placed. The motifs were placed multiple times and in various scales to create a 
working library. Motifs from the library were copied and transformed for the planned 
Figure 5.16. EP A2 Hand-painted motif 
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embroidery arrangement. A single motif was isolated for the small-scale repeat using 
Illustrator repeat tools.  
The hand-painted motifs effectively gave the illusion of hand embroidery. The trompe 
l’oeil effects were extended to include trims, buttons, shadows, and dirt maps. A custom trim 
brush was created by scanning an actual section of trim and applied to the digital guidelines. 
Background color was added the pattern pieces by activating the outline edge of the pattern 
shape and filling with a color from the palette. A filter was added to the solid color fill 
provide textural balance between the background and embroidered detail.  
 The images in figure 5.18 show four versions of the waistcoat DTD with various 
levels of engineering and trompe l’oeil. The far left is a semi-engineered DTD similar to the 
historic embroidered panel. The next engineered image shows the embroidery and texture fill 
engineered to the pattern pieces. These pieces would need to have seam allowance added 
Figure 5.17. EP A2 Illustrator guidelines, motifs, and repeat tools 
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manually and constructed by applying the trim, buttons, and buttonholes traditionally. The 
third engineered image shows the trompe l’oeil detail designed to be printed as one image. A 
drop shadow was added in Illustrator before it was opened in Photoshop. In Photoshop, the 
magic wand was used to select only the background so the burn tool would place shadows on 
the base fabric and not the trim or embroidery. The shadows were strategically placed with a 
single light source perspective. The last image on the far right has the addition of trompe 
l’oeil buttons and an analog dirt map that created the look of aging and distressing.  
Many times, when purchased or printed fabric is used in historic costumes; the fabric 
ends up looking too new. Costume shops and craftspeople are resourceful when it comes to 
aging and distressing fabric and costumes. One of the techniques created for EP A2 #7 was 
digitally applying a tangible dirt map; the process of making the tangible dirt map was 
Figure 5.18. EP A2 Waistcoat DTDs with various levels of engineering and trompe l’oeil 
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similar to conventional costume shop aging and distressing methods. The tangible dirt map 
was then scanned and manipulated in Photoshop digitally, to merge with the design. EP A2 
#8 used the same embroidered waistcoat file but was designed with a single full front piece 
and the closure up the back to facilitate quick changes. The color story was adjusted in 
Photoshop, and trompe l’oeil details were added to give the illusion of front closure, depth of 
overlapping pieces, and dirt for aging. Figure 5.19 shows the DTD that was printed as a 
single piece. 
 
Figure 5.19. EP A2 #8 Engineered DTD 
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Step 2: Generation and exploration for #11. The extreme detail and successful 
simulation of the digital embroidery process that was achieved in EP A1 was printed on a 
relatively small scale where much of the detail could not be appreciated. However, artifact 
#11 was the perfect opportunity to enlarge the motif structure to resemble the embroidery 
work on many formal jackets from that period. 
The actor was scanned using a [TC]2 body scanner. The measurements were extracted 
from the scan and were later used to make adjustments to the digital pattern pieces.  
Pages from Waugh’s (1964) The Cut of Men’s Clothes 1690-1900 were scanned using a 
regular office scanner. The scans were saved as PDFs and opened in Adobe Illustrator. As 
with many historic pattern resources, the cutting diagrams represent multiple pattern pieces 
layered on top of each other. By using layers in Illustrator, it was easy to trace each 
individual piece. The sleeve has the same shape for the under and overarm seams but the 
arms eye is different.  
The Illustrator files were exported to EFI Optitex and altered based on the actor’s 
scanned measurements. The pieces were digitally arranged on a maker and printed using a 
plotter (similar to EP A1). A muslin mock-up was created and altered to fit the wearer. 
Another full-scale digital layout marker was needed for the semi-engineered surface design 
so a new Illustrator document was created that was the width of the intended fabric and an 
estimated length that could be adjusted later. Each digitized pattern piece was then copied 
onto the layout marker. The garment layout was arranged for one side of the garment only. It 
was not until the DTD was semi-engineered that the entire surface design layout marker was 
copied and reflected so both the left and right sides of the garment could be printed.  
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Before the print was semi-engineered, guidelines were added to the AI garment 
layout marker to check for certain pattern piece alignment. For this prototype, the alignment 
of the sleeve cap, underarm, and side seam hem guidelines made it easier to match up the 
repeat pattern and embroidery. The AI marker was opened in Photoshop, and the digital 
motif structure was placed and copied on multiple layers. Each motif structure layer was 
manipulated individually using Photoshop tools. The background mini-repeat print was 
created using one flower from the motif structure and the Illustrator repeat tools. The repeat 
pattern tool in Illustrator allows the user to easily create and quickly test multiple surface 
design layout options. 
Multiple swatches were 
made with various motif 
scales, density of layout, 
and background colors. 
The swatches were 
pasted into their own 
layers in the Photoshop 
garment layout 
document (Figure 5.20). 
The test swatches of the 
background repeat 
options were made 
invisible while the final 
adjustments were done 
Figure 5.20. EP A2 #11 Photoshop semi-engineered marker to 
test mini-repeat print options 
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to the embroidery layout. Overlapping areas of the motif structure were simply erased using 
the Photoshop eraser tool. A large-scale swatch, the same size and dpi as the garment layout 
marker, was made of the background single motif pattern in Illustrator. The file saved for the 
jacket layout marker was adjusted to reflect the yardage amount needed for the breeches and 
Figure 5.21. EP A2 #11 semi-engineered marker 
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exported as the file specification of the DTP service company. The simulated ribbon pattern 
designed for EP A1 was defined as a repeat tile and used to complete the marker (Figure 
5.21).  
 The textile markers sent out for DTP and the textiles were prepared per directions. 
The jacket pattern pieces were printed using a plotter and arranged on the print using the 
digital version of the marker with the pattern piece outlines as a reference. The jacket and 
waistcoat were constructed using conventional costume build methods and tailoring 
techniques. Extra-large seam allowances at the sides and hems provided opportunities for 
future alterations because the print was not fully engineered to the exact pattern piece sizes. 
The jacket was piped and trimmed along the front opening, neckline, and cuffs (Figure 
5.22a). Textile scraps of the mini-print were used to cover the buttons for the waistcoat. The 
pocket flaps were lined with the coordinating ribbon print used for the waistcoat for artifact 
#11 and were used for the functional pockets (figure 5.22b)  
 
Figure 5.22a. EP A2 #11 finish detail                             Figure 5.22b. EP A2 #11 pocket 
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Step 3: Evaluation of design and production decisions for #7, #8, and #11. EP A2 #7 and 
#8 provided analog motif development methods that garnered similar aesthetic results of the 
digital highly technical design embroidery effects of EP A1. EP #11 utilized the highly 
technical digital embroidery from EP A1 more effectively because of the scale of the printed 
motifs. Both the waistcoats and the jacket were good examples of semi- and fully-engineered 
prints. The lower-tech options for digitizing the waistcoat pattern pieces is one that can be 
practiced with skills already used in costume practice and with little digital integration. Table 
5.6 presents the methods, technologies, and user skill levels for EP A2 with possible 
alternatives for the patterning, designing, and printing.  
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In EP A2 the garment pattern pieces came directly from a resource, scaled manually 
or traced digitally, and either digitized using low-tech methods or exported to pattern making 
software (EFI Optitex). The pattern pieces could be digitally altered using the scanned 
measurements of the actor or used for fully engineered placement prints. Like EP A1, a full-
scale digital jacket pattern piece layout marker was created in the marker software and then 
printed using a wide format plotter.  Most costume education programs do not have a body 
scanner, CAD patternmaking software, or even a plotter printer. An alternative to the plotter 
printing is to print the scaled Illustrator garment layout markers with a regular office scanner 
using the tiling option. Another option is to use the scaled scan without tracing the pattern 
pieces as a template for the curved edges of relative placement. In the resource image many 
pieces overlap, so the unedited image would not necessarily be an efficient layout for textile 
usage. A more recent option would be to increase interdisciplinary alliances with 
departments such as fashion or engineering, who have access to many of these technologies. 
The alignment of the pattern pieces using the guidelines to match points (Figure 5.23) 
worked because there was no seam allowance added to the pattern pieces. The guidelines 
would potentially need to be 
placed differently if seam 
allowance was added. If the 
embroidery were engineered 
to be split on the overarm 
seam, it would be easy to 
place on one piece, edit, copy, 
Figure 5.23. EP A2 #11 temporary alignment guidelines  
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paste in place, and move it the exact distance. 
 The right and left sides of the jacket had to be created as two separate files because of 
the file size limitations of the DTP service company. The files could be combined on the 
jacket marker if the DTP service does not have issues with file size. The opaque plotter paper 
made it difficult to layout the pattern pieces, so they were copied to tissue paper so the digital 
placement print was visible while the pattern pieces were placed onto the fabric for cutting. 
Once one right side of the jacket was cut out, the fabric pieces were used to cut the left side 
to ensure perfect pattern mirroring (Figure 5.24a). Figure 5.24b shows the mirroring on the 
jacket back. 
 The digital embroidered motif structure designed for EP A1 was much more visible in 
this artifact and required only minimal Photoshop warping to make the embroidery fit the 
curved shapes garment pattern pieces. The use of Illustrator’s digital repeat tools made it 
easy to work with multiple repeat options, colorways, and scale for the mini-print 
Figure 5.24a. EP A2 #11 layout    Figure 5.24b. EP A2 #11 finished mirrored print back 
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background. The linen cotton canvas worked well with the weight needed for the jacket 
construction and received the inkjet printing process without much change to the hand. 
 The100% polyester silky faille 
was selected for waistcoats #7 and #8 
to compare the dye sublimation 
process to the inkjet process from the 
same online DTP service company. 
Again the weight of the fabric was 
appropriate, and the smooth slightly 
shiny surface allowed intricate details to 
be visible. One of the most effective DTP 
attributes of the waistcoats was the trompe l’oeil effect of detail, depth, and analog dirt map 
distressing (Figure 5.25). The invention of the tangible dirt map was a user-friendly method 
for costumers who are used to aging and distressing garments and textiles. The waistcoat 
paper pattern was traced on to watercolor paper and aged with tea and coffee (Figure 5.26a). 
The tangible dirt map was scanned, manipulated, and blended in Photoshop (Figure 5.26b).  
Figure 5.25. EP A2 #8 Trompe l’oeil DTP attribute 
Figure 5.26a. Dirt map          Figure 5.26b. EP A2 #7 Photoshop manipulation of dirt map 
 177 
EP A3 Artifact ID #16 
Step 1:  Discovery and definition for #16. EP A3 had the benefit of being the last of 
the sixteen artifacts to be designed. The intent was to develop a simplified DTD method that 
would exploit the DTP high degree of aesthetic specificity. A large-scale photorealistic 
mirrored repeat pattern for a full body geometric garment with few seams was planned. 
Kimonos have historically been a canvas that many types of artists have explored, due to the 
large areas of rectangular 2-dimensional spaces within the garment pattern. Kimono garment 
patterns, also considered low waste patterning, have very little textile scraps, therefore, most 
of the digital print would be used, and the expanse of the print would be easily seen.  
Step 2: Generation and exploration for #16. The garment pattern piece shapes were 
drafted using the measurements of the fabric that was planned for printing. The 56” wide 
organic cotton sateen was selected for its smooth surface, hand, and ease of care. A high-
resolution photograph of a vibrant floral bouquet was imagery selected for the design. The 
photograph was opened in Photoshop and manipulated as follows. A rectangle was cropped 
to provide an interesting 
contrast and to create new 
shapes when mirrored. The 
cropped image was 
proportionally resized to half 
the width of the fabric, 28” 
(Figure 5.27).  
The four-way mirror process that was used in EP B2 was used here, and made 
seamless. The image was copied, the canvas size was doubled in width, and the image was 
Figure 5.27. EP A3 cropped photograph for DTD 
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placed and reflected in the new space. The layers were merged, and the new image was 
copied. The adjust canvas size sequence was repeated but doubled in height this time, so the 
image would be reflected in a four-way mirrored pattern (Figure 5.28). This method ensures 
the repeat tile will be seamless when put into repeat. This is by far the easiest way to get the 
look of a complicated seamless repeat design. The researcher/designer experimented with 
Photoshop tools to create different visual effects. The oil paint filter was selected for the 
textural qualities it gave to the photograph, but the DTD could have been printed without 
applying any filters.  
Step 3: Evaluation of design and production decisions for #16. By using a repeat 
tile rather than engineered yardage, the dpi is permitted to be higher because the size of the 
repeat tile file is smaller than the yardage. The file size limitations of online DTP service 
companies can be problematic and lowering the dpi to fit the requirements can compromise 
the clarity of the print. Some online DTP service companies, such as Spoonflower, have 
Figure 5.28. EP A3 four-way mirror repeat tile 
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mirroring tools within their surface design 
tools on their website. These tools work 
similar to the Photoshop and Illustrator repeat 
tools, and a preview allows the repeats to be 
seen in repeat and in the scale it would be 
printed. A high degree of aesthetic specificity 
is possible in a DTD without a high level of 
user digital skills. The creation of a four-way 
mirrored repeat tile made a seamless complex 
repeat easy. Figure 5.29 shows the finished 
artifact for EP A3 and table 5.8 identifies the 
methods, technologies, user skill levels, and 
alternatives. 
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Figure 5.29. EP A3 #16 detail 
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Experience Prototype Series B 
Not only do educators and practitioners need to have methods to access the printing 
technology, but they also need methods to access the design technology and the skills to use 
it. DTD acceptance is paramount for DTP to gain further acceptance.  The majority of the 
educators, who are using DTP, are using it for repeat prints and not using it for engineered 
DTD. Therefore series B was planned to introduce engineered print theory with lower tech 
options to make engineered DTD easier to use. EP Series A focused on providing multiple 
methods for repeat layouts and digitally engineered layouts while series B began its spiral by 
creating engineered prints using analog methods and finished its spiral by creating digitally 
engineered prints, including engineered yardage and engineered prints dictated by image 
shape. As the series (Figure 5.30) moved through the iterations of EP B1 #2, EP B1 #3, EP 
B2 #5, EP B2 #5, EP B3 #14 and EP B3 #15, alternatives for DTD and DTP were explored 
and documented. 
 
Figure 5.30. EP series B, artifact IDs from left to right #2, #3, #5, #6, #14, and #15 
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EP B1 Artifact ID #2 and ID #3 
Step 1: Discovery and definition for #2. It is not uncommon to print, paint, or 
reproduce works of art onto textiles to use as the surface design for a garment. Typically the 
textile is used in its conventional 2D shape, and the artwork is created to fill that shape. The 
textile is then manipulated through pattern cutting or draping to become a 3D garment. The 
placement of specific motifs or areas of the artwork can be planned within the conventional 
print method described but are not usually engineered for the individual pattern pieces 
shapes. The purpose of artifact #2 was to create a low tech DTD process that would result in 
a theatrical costume that was engineered to the pattern pieces and had the artistic appearance 
of the hand-watercolor costume illustration, similar to those in Figure 5.31.  
 
 
Figure 5.31. Watercolor theatrical fashion illustration by the researcher/designer 
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The intent of the DTP attribute was to capture the tonal variations of the watercolor 
color textures as well as the hand-drawn ink lines that indicate individual pattern piece 
shapes, topstitching, and details. To achieve this effect, each garment pattern piece must have 
the artwork engineered to its unique shape.  
 A flat technical 
sketch was digitally drawn to 
determine exact seamlines, 
proportions, closures, and 
details before the entire 
design was patterned (Figure 
5.32). The design consisted 
of three separate garments: a 
collared shirt with full 
sleeves, an under-the-bust 
corseted vest, and a high-
waisted asymmetrically 
peplumed fitted skirt.  
Step 2: Generation and exploration for #2. The garments were flat patterned in half 
scale in order to utilize the DTP method described in the next section. Depending on the 
artistic mediums selected, various scales for patterning might be preferred. A muslin mock-
up was made in half scale to test fit, structure, and proportion. The skirt peplums were 
interlined with horsehair as a tailoring technique to add definition to the extended shapes.  
Figure 5.32. EP B1 #2 Illustrator flat technical sketch 
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Adjustments were made to both the muslin and the paper pattern to reflect the need 
adjustments after fitting the mock-up on the half-scale form.  
 Each half-scale pattern piece was traced onto watercolor paper (Figure 5.33). No 
seam allowance was added to the pattern pieces for this 
design because it was the intent to have the watercolor 
paint puddle at the edges of the pattern pieces. The same 
watercolor paints that were used for the theatrical fashion 
illustration were mixed and prepared for the first layer of 
the analog engineered surface design. Details for seamlines, 
corseting, buttons and buttonholes were penciled in before 
watercolor painting (Figure 5.34). Each pattern piece was 
Figure 5.33. EP B1 #2 Setup for watercolor pattern pieces 
Figure 5.34. EP B1 #2 detail 
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painted with watercolor and embellished with ink outlines, stitching, and detail. All pattern 
pieces were then efficiently scanned using a regular office scanner at 300 dpi.  
Since the pattern piece PSDs were still in half-scale, a new AI file was created in 
Illustrator that measured half of the selected fabric’s width and long enough to fit all of the 
necessary pattern pieces. For this artifact, two different fabrics, each of different widths, were 
selected; so two unique markers were made. The finished skirt and corset textile marker 
(figure 5.35) shows how each Photoshop pattern piece file was placed into the Illustrator 
textile marker, copied and reflected in order to represent both sides of the garments. The 
asymmetric peplum was reflected so the peplum could be lined with the print. Seam 
allowance was added to all of the printed pieces before the textile was cut.  
Figure 5.35. EP B1 #2 Digital textile marker layout for corset and skirt on faux suede 
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The structural pieces were interlined, thread traced, and interfaced with horsehair, 
which stopped at the seamline edge. The thin ink line printed edge forced hand-basting seams 
together before machine stitching. The peplum pieces were then interlined with a layer of 
muslin with a boned structure stitched to provide additional shaping (Figure 5.36a). The 
sequencing of stitching followed the muslin 
mock-up sequence with the additional steps of 
machine thread basting tricky seams (Figure 
5.36b).  Seams were pressed open, and many 
were secured to the interlining using a catch 
stitch. The garments were finished using 
traditional tailoring and couture techniques. The 
most challenging step in building artifact #2 was 
matching the ink outlines (Figure 5.37). 
Figure 5.36a. EP B1 #2 tailoring detail           Figure 5.36b. EP B1 #2 basting detail  
Figure 5.37. EP B1 #2 matching detail        
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Incredible precision was required to properly align the seams so that no white seam 
allowance was visible and so that none of the thin ink lines were lost in the seam. In 
hindsight, an easier option would have been to make the ink lines thicker.  
Step 3: Evaluation of design and production decisions for #2. EP B1 was the first 
engineered EP in this study. To introduce the potential technological challenges of digital 
engineered marker layout, the engineered print was created using analog methods. The 
finished artifact (Figure 5.38) used the integration of digital technologies merely as a way to 
translate the analog artwork on the half-scale pattern pieces to digital format. Half-scale 
patterns are more manageable in size when trying non-conventional lower tech digitizing 
methods. Half-scale pattern drafting, muslin mock-ups, and garments have been utilized 
throughout the history of apparel design from transportable replicas to cost effective sample 
analysis to patternmaking practice (Plummer & Sanders, 2016). In this study, half scale 
patterning was a viable option for low tech scanning and digital manipulation for a printable 
textile marker. The digital markers or pattern piece files can be scaled, within reason, for 
various sizes and the colors can be adjusted using simple tools in Photoshop. 
Figure 5.38. EP B1 Artifact #2 
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 The concept of the live edge, which the researcher/designer developed during the 
preliminary stages of the dissertation proposal, proved to be a successful addition to the 
trompe l’oeil effects of the print. The pieces (such as the cuffs), which had complicated live 
edges, were hand stitched just outside the inked, printed outline edge to a lining of the same 
fabric (Figure 5.39a). After the live edge was stitched, the seam allowance was trimmed, 
clipped, and turned. Had the cuff edge been stitched in the curved shape of the drafted pattern 
pieces the ruffle effect would not have been as believable. The stitching of a live edge was 
time-consuming but necessary to achieve the finished effect (Figure 5.39b). 
 The photorealistic attribute of DTP makes the possibilities of trompe l’oeil vast. The 
illusion that the garments were hand painted and drawn on was successful because the print 
was able to reveal all of the tonal qualities of the watercolor and the nuances of the inked 
lines. The trompe l’oeil theme continued throughout many of the EPs. The DTD process for 
artifact #2 utilized the strength of photo editing software to completely capture the artistic 
style of the analog process of watercolor and ink; therefore it is essential that the users for 
this method possess artistic skills in drawing and painting. However, other options such as 
analog collage and stitching or digital motif and layout creation rely on other creative and 
technical skills. As EP B1 progressed through Spiral Model, the practical low tech half-scale 
Figure 5.39a. EP B1 #2 live edge detail       Figure 5.39b. EP B1 #2 Finished live edge 
cuff 
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method introduced by Plummer and Sanders in 2016 was expanded upon. Table 5.8 
represents the methods, technologies, user skill levels, and alternatives; these alternatives 
became the inspiration for future EPs within and across the series. 
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Step 1: Discovery and definition for #3. Costume shops can have historic costumes 
that are not useable, samples of vintage fabrics that are no longer available, and bolts of 
fabric without enough yardages or in the desired colorways. It is possible to scan sections of 
costumes or flat textiles in order to reproduce or modify repeats for DTP. Obviously it is 
imperative to be clear of copyright laws and adhere to plagiarism restrictions. Depending on 
the end use, personal or commercial, of the reproduction print, certain rules need to be 
followed. Copyright law is very complicated and can get trickier when reproducing vintage 
designs. Prior to the mid-1900’s textile prints were typically not copyrighted because textile 
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designers were usually anonymous. Many of these prints are now in public domain and do 
not require permission to use them. However, if the print has been copyrighted, it is protected 
for the life of the artist plus 70 years and more for corporate authorship (Kight, 2011). 
With certain costume designs and museum curatorial work, the garment is not being 
sold in a commercial setting however always check the legal considerations when 
reproducing a vintage print. Take the proper steps and document the efforts in seeking use of 
vintage prints that do not have clear public domain status (Kight, 2011). When working with 
artwork that is not an original creation, merely changing the scale and colors does not 
constitute enough change to claim it as one’s own. Royalty free, open source and online 
stock provide multiple opportunities to use or buy rights to use artwork for textile designs.  
Museums and historical venues have used DTP as a way to replace sections of 
garments that have worn out, to reprint surface designs to represent original colorways that 
have faded overtime, or to reproduce historically accurate prints. Costume designers can use 
this process in the same way, but could also use it as a way to take an original or modified 
conventional surface pattern design to the digital realm. Many costume shops often dye, 
overpaint, and distress sourced fabrics for costumes and may already be comfortable with the 
skills required to identify a repeat tile. 
The purpose of artifact #3 was to 
expand on the process of scanning a 
surface design practiced with artifact #2. 
Using limited digital technologies, a 
repeated section of a surface design was 
digitally isolated (Figure 5.40).  Figure 5.40. EP B1 #3 vintage textile scrap 
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 Step 2: Generation and exploration for #3. A vintage textile scrap, containing at 
least one repeat, was scanned and opened in Photoshop. The single repeat was isolated and 
digitally defined as a pattern, tested, and refined. The original colors of the vintage print 
would not work with the other 
fabrics selected for the artifact. 
Using digital tools, the colors were 
changed, visual noise was added, and 
the seamline edges were cleaned up. 
The repeat tile (figure 5.41) was then 
uploaded to an online DTP service 
company, and yardage of cotton 
gauze was printed and shipped.  
Step 3: Evaluation of design and production decisions for #3. The finished shirt 
and pants (Figure 5.42) utilized DTP in a practical 
way. A vintage scrap piece of fabric was used as the 
DTD resource. It is possible to manually isolate the 
repeat but cutting out the exact single repeat would 
probably require more digital editing along the repeat 
tile seams. Larger repeats that don’t fit on the scanner 
benefit from being pinned to a board, scanned 
systematically, and digitally merged. This process is 
an excellent option for textile samples created with 
analog surface design and manipulation methods. 
Figure 5.41. EP B1 #3 Seamless Repeat tile 
Figure 5.42. EP B1 #3 shirt and pants 
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EP B2 Artifact ID #5 and ID #6 
Step 1: Discovery and definition for #5 and #6. One of the most obvious benefits of 
DTP is being able to print yardage in the colors, scale, and style needed for a particular 
design. Both repeat tiles and engineered yardage were the focus of EP B2. Similar to EP B1 
the surface design uses motifs developed using analog methods. To continue the Steampunk 
aesthetic from EP B1, a sea urchin and air plant were used as the inspiration for the motif. 
The artwork was created and digitally prepared using the same analog methods as the 
watercolored pattern pieces from EP B1 #2, but the repeat layout development introduced 
new digital processes. Table 5.9 reflects only the attributes and themes that have changed to 
reflect what was learned from EP B1; the remaining stayed the same.  
Table 5.9. EP B2 Changes from EP B1 Attributes and Themes 
Attribute or theme Experience Prototype B1  Experience Prototype B2 
Motif Development No motifs, engineered 
painted pattern pieces 
 
Introduced color reduction to 




Analog engineered to half 
scale paper pattern pieces 
Repeat tiles using conventional 
repeat tile theory in a digital 
format and engineered repeat 
yardage using digital repeat tools 
Functional 
Elements 
High Degree of Aesthetic 
Specificity: special digital 
effects 
Increased Digital Access 
Increased digital literacy in 
emerging designers: engineered 
repeat yardage only possible with 
DTP: Cost effective – shorter 
runs, speed in producing surface 
design 
Theme Fear of engineered prints 
Not having digital 
technologies 
Fear of understanding repeat 
theory using digital applications. 
Need for easy ways to translate 
artwork into a repeatable surface 
designs for limited yardage 
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 Step 2: Generation and exploration for #5 and #6. The motif itself was created 
without digital technologies. Pencil sketch studies were created at a scale that would be easy 
to render in gouache and ink. Using a light box the pencil sketch was placed underneath the 
watercolor paper. First, the gouache was watered down and used to paint the motif then 
micron ink pens were used to outline and add detail to the motif (this order allows the ink not 
to bleed with the wet paint). Multiple versions of the same 
motif were created with slight variations of color and style. 
The original artwork was then scanned using a standard 
office scanner (Figure 5.43). Scanning eliminated the 
potential skewing and shadow issues possible when taking 
photographs. The image was scanned as a full-color JPEG 
with a resolution of at least 150 dpi. If the plan were to 
increase the size of the motif, the dpi would need to increase 
accordingly. The JPEG scan was prepared using Photoshop; the motif was isolated, scaled, 
and recolored. After the background was removed and the motif was cleaned, the following 
repeat tiles were developed and tested: (a) straight block, (b) half drop, (c) brick, and (d) 
Figure 5.44. Examples of digital recordings for repeat tile development. 
Figure 5.43. EP B2 motif 
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four-way mirror. The development of the repeat tiles was digitally recorded as a way to 
analyze and reflect on the process (Figure 5.44).  
 EP B2 consists of shift dresses that utilize a vintage pattern from 1967. The pattern 
(Figure 5.45) is a one-piece dress cut on the fold with facings at the neck and armhole. The 
dress has no side seams but does have a fish eye dart on the sides between the hip and bust. 
There is a center back zipper closure and a center back slit (kick pleat). The size indicated on 
the pattern envelope is for a misses’ size 14, but by contemporary sizing standards, this is no 
longer considered a size 14. This particular size was chosen based on the measurements 
listed on the back of the envelope. The series of shift dresses used the pattern as is to create a 
muslin mock-up to check for fit and was then altered to provide a more comfortable armhole 
opening but left all other detail as is. The center front and center back are perpendicular to 
the hem, which makes it very suitable for certain engineered yardage print fabrics, such as 
border and panel prints, that were available in the 1960s.  
 The original color story and repeat layouts from the vintage pattern envelope were 
the major inspirations for the digital textile print designs however the original motif types 
Figure 5.45. McCall’s pattern pieces for 1967 shift 
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were open for contemporary interpretation. In order 
to experiment with the repeat layouts, the motif was 
kept as a simple single motif. In keeping with the 
print aesthetic of the 1960s, the motif was color 
reduced to only eight colors so that it would 
resemble conventional screen or roller printing 
methods (Figure 5.46).  
The pattern envelope suggests the following 
engineered yardage fabrics would be suitable for this 
design: (a) border prints, (b) panel prints, and (c) handkerchief square prints (Figure 5.47). 
Border prints typically have a border design running along one or two of the selvages and 
would to be cut on the crosswise to achieve the look of view A on the pattern envelope. Panel 
prints are repeat designs engineered to larger repeat tile 
size, such as 48” x 48”, which could accommodate the 
entire dress pattern and could look like view B. 
Handkerchief prints are similar to panel prints but are 
intended for what their name implies, they are meant 
to be cut apart to create handkerchiefs however if 
used as yardage the design would look like view C. 
Three versions of this shift dress were designed to 
test simple repeat design layouts using Illustrator 
repeat tools and to explore repeat prints engineered for 
yardage.  
Figure 5.46. EP B2 color reduced 
motif 
Figure 5.47. McCall’s pattern 
envelope 
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For surface design 1(similar to view B), a 48” x 48” panel print allowed the shift 
dress pattern piece to fit perfectly, therefore, the new Photoshop file size selected was 48” x 
48” with 150 dpi and RGB color. The entire piece was selected and filled with the Photoshop 
repeat pattern script spiral 
with the following settings 
in figure 5.48. The color 
randomness and 
brightness randomness 
were put at zero to 
maintain motif regularity.  
 For surface design 2 the actual pattern piece was measured and a new Photoshop 
document was made to measure 44” x 42”. A path was made with the pen tool to indicate 
where the border was to be placed. The background was removed and layers were added to 
fill the green and mauve 
stripes that comprise the 
border (Figure 5.49). 
Multiple symmetry fills 
were tested for the area 
above the border. The 
scale and translations 
were shifted until the 
arrangement in figure 
5.50 was arrived upon. 
Figure 5.48. EP B2 Photoshop repeat pattern script spiral setting 
Figure 5.49. EP B2 Border design 
Figure 5.50. EP B2 Symmetry design 
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The fill was adjusted with digital tools to align with the center front. A background color was 
added, layers merged, and the file was saved as a TIFF. 
 The last surface design used the actual pattern piece measurements from the previous 
example and used the motif in a basic brick pattern 
on a much larger scale. This design was created by 
opening the Photoshop motif file with Illustrator 
and make the pattern in Illustrator. The full-size 
marker was 42” x 126” and was planned for silk 
dupioni that was 44” wide (Figure 5.51). The large 
file made it impossible to print with the 
requirements of many online DTP service 
companies. The marker could have been separated 
into the three separate files for the three separate 
designs. This file was printed at a university 
digital lab that uses a cloud-based system to 
upload and download large files. The textile print 
was printed on silk dupioni, processed, and 
shipped. The pattern pieces were laid out and cut 
according to the vintage pattern instructions. The 
shifts were constructed using conventional 
costume build methods; particular attention was 
paid to the matching and alignment of the 
placement print.  
Figure 5.51. EP B2 DTP Marker  
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 The digital marker files were also used to create a costume rendering. The original 
pattern envelope was scanned and opened in Photoshop. The dress shapes were outlined on 
another layer and used as a way to paste each engineered yardage section. Each section was 
warped to work with the drape of the dress (Figure 5.52a). Some layers were deleted, and 
some layers were merged to create the digital collage in Figure 5.52b. The finished rendering 
maintains the vintage appeal and is an accurate representation of the textile prints.  
Step 3: Evaluation of design and production decisions for #5 and #6. The finished 
artifacts were the perfect canvas for experimenting with engineered yardage and digital 
repeat tools. The right angle alignment of the hem and vertical seams allowed for minimal 
complications for the border placement and seam matching. The analog motif preparation, 
digital motif manipulation, digital motif repeat tile development, and digital engineered 
yardage marker layout were basic introductory steps for the more complicated EPs later in 
this phase. The concept of engineered yardage makes the possibility of using Photoshop and 
Illustrator repeat tools without creating the accurate repeat tile accessible. This DTD file was 
Figure 5.52a. EP B2 digital print rendering                           Figure 5.52b. EP B2 rendering 
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printed at a university lab and not printed by an online DTP service company because the file 
size was too large.  
 Only two of the engineered prints were finished as garments, but the information in 
the table represents all of repeat tile development for this EP. The repeat tile development 
was less complicated compared to the seamless repeats tiles of EP A1 #1 and EP B1 #3. The 
repeat tools in Photoshop are more dynamic than the repeat tools used in Illustrator for EP 
A2 #11. Proprietary software, such as NedGraphics, has many digital tools for creating 
complicated repeat design using similar features as the Photoshop symmetry repeat tool but 
NedGraphics can isolate the single repeat tile – something Photoshop repeat tools cannot do. 
Table 5.10 represents the methods, technologies, user skill levels, and alternatives for EP B2. 
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EP B3 Artifact ID #14 and ID #15 
EP B3 continued the focus of repurposing costume/ theatrical fashion designs and 
creative pattern cutting techniques introduced in EP C3 #12 and #13. The focus of expanding 
on tested creative pattern cutting series was valuable in thinking about DTP in a different part 
of the process. For the majority of the EPs in this study, the garment design and print design 
were ideated together. The benefit to reflecting on finished designs and viewing DTD and 
DTP as options to recreate or improve a costume design could significantly benefit a 
professional costume shop. Examples could include complete garments that need to match 
already created ensemble costumes, garment components that are worn out or don’t fit and 
parts need to be matched or coordinated, or parts of the costume are not right for the period 
or actor and sections need to be restyled. These ideas lead to the redesigning of the following 
costume. EP B3 #14 was inspired by the researchers/designer’s origami creative pattern 
cutting series Over Easy Rider and used the Photoshop warping skills practiced in the EP B2 
rendering. EP B3 
#15 was inspired by 
the practical half-
scale creative pattern 
cutting series Digital 
Dilemma and used 
the concept of 
imagery to dictate 
the pattern shapes.  
 Figure 5.53a. Over Easy Rider   Figure 5.53b. Digital Dilemma 
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Step 1: Discovery and definition for #14 and #15. The researcher/designer’s 
previous exploration of alternative pattern cutting methods was the starting point for EP B3. 
Figure 5.53a displays the non-printed origami theatrical fashion design that utilized egg-
shaped pattern pieces and provided an exploration of engineered prints using pattern shape to 
dictate DTP image shape. Conversely, Figure 5.53b displays the stump extension detail of the 
engineered skirt and provided consideration of using image to dictate garment pattern shape. 
Step 2: Generation and exploration for #14. The biggest challenge of the shirt 
design was the nontraditional patterning techniques of using a geometric shape and forcing it 
onto a body. The creative pattern cutting technique started with a shape, albeit proportioned 
to a body, which was not drafted or draped from body measurements. Nakamichi’s examples 
of wearing geometric shapes inspired the original shirt of the Over Easy Rider series. A great 
deal of experimentation went into the slashing of the egg shapes. By placing intersecting 
slashes, altering the lengths of the slashes, and altering the angles of the slashes, different 
reactions occurred when the shapes were worn. In order to keep the shapes intact as much as 
possible, the flat garment relies on the drape and tension created by the placement of the 
slashes to manipulate the silhouette. The only fabric removed from the egg shapes occur at 
the armholes, all other openings were straight slashes that were finished off by a full facing. 
The transformed garment ultimately lies flat off the body and embraces the Japanese 
appreciation of viewing the garments as both works of art displayed 2-dimensionally on a flat 
surface and 3-dimensionally on a human form (Fukai, 2010).  
Through multiple mock-ups and adjustments to the scale of the shapes and placement 
of the slashes, the pattern pieces were finalized on gridded pattern paper. Due to the fact that 
the pattern pieces were essentially a simple geometric shape with specific proportions, it was 
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quicker to digitally draw the pattern pieces rather than to digitize the paper pattern pieces. 
The shapes were drawn, without the slashes and armhole cutaways, to actual scale using the 
pen tool in Illustrator. Only two unique egg-shaped pattern pieces were needed for the shirt; 
Figure 5.54 represents the bodice and the sleeves. 
 The shape of each pattern piece was emphasized by digitally engineering a single 
large-scale fried egg image. The image was obtained by a web search for a high-resolution 
image of a fried egg, which was free to use. Resources, such as Adobe stock, provide high-
resolution images available for purchase. The png image of the fried egg was opened in 
Photoshop; there was no need to remove the background because the png file already had a 
transparent background before it was downloaded. Since this prototype is part of a series, the 
first step was to check the coloration of the image with 
the coordinating color story and fabrics. A new layer 
was added to the file and filled with one of the 
coordinating digital textile surface designs for EP B2 
(Figure 5.55). This layer made it easy to compare the 
colors while the adjustments were made using the 
hue/saturation toggles. The coordinated print layer 
was deleted after the adjustments were made. EP B3 
Figure 5.54. EP B3 #14 digital drawing of geometric shapes in Illustrator 
Figure 5.55. EP B3 #14 motif 
 202 
continued the live edge concept, therefore, the fried image was placed and scaled so that the 
image was the close to the pattern piece shape. The image was strategically warped with 
digital tools so that the fried egg edge lined up as close to the pattern piece edge as possible. 
 Once the fried egg image was manipulated to the bodice and the sleeve pattern pieces, 
they were digitally placed into the Photoshop marker. The bodice layer was copied once and 
flipped horizontally so the front and back were mirrored. The sleeve layer was duplicated 
three more times and two of those layers were flipped horizontally. While all of the pieces 
were still on their separate layers, the pieces were moved to create a marker with as little 
waste as possible, keeping in mind the space required for seam allowance (Figure 5.56).   
After the arrangement was set, layers were merged, flattened, and saved as a different 
file. The file was then saved in the format required by the DTP university lab. The DTD was 
printed on silk habotai, processed, and shipped. The researcher/designer flat lined each 
garment piece along the live edge of the egg. The slashes on bodice front were faced, and 
Figure 5.56. EP B3 #14 DTP engineered marker 
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then the front and back were stitched together. It was critical that the live edges mirrored 
perfectly and this was hard to do with both pieces backed with the felt. Therefore the backing 
was temporarily removed from the bodice back so the front and back imagery could be lined 
up (Figure 5.57a). The printed fabric was sheer enough that it was easy to line up the edges 
properly (Figure 5.57b). The pieces were then hand basted exactly along the live edge outline 
(Figure 5.57c).  
 
Figure 5.57a. EP B3 detail        Figure 5.57b. EP B3 detail         Figure 5.57c. EP B3 detail 
 
Figure 5.58. EP B3 #14 Finished photos with transformations 
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The original Over Easy Rider origami shirt had the sleeves attached to the bodice, but 
during the construction and fitting checks of EP B3 #14 it was decided to make the sleeves as 
a detachable feature. The sleeves attach to the shift dress with snaps and fit through the 
sleeve opening of the jacket. The slashes on the jacket work on the body to form the 
silhouette. Figure 5.58 shows the finished artifact with the multiple options. 
 The egg image was also used as a motif for engineered yardage using the Photoshop 
method developed in EP B2. An engineered yardage marker was created and filled using the 
custom brick pattern settings seen in figure 5.59a. Background color was added to the file 
and printed for an ascot (Figure 5.59b) for EP B1 #3. 
 
 Step 2: Generation and exploration for #15. The researcher/designer’s midsummer 
faerie concept rendering developed at the beginning of Phase III assumed that an entirely 
new costume would have been designed and built. During the spiral iterations of all three EP 
series, emerging DTD processes forced reflection on previous DTP exploration prior to this 
study. When the researcher/designer was first introduced to DTP, the digital skills practiced 
were that of a novice. These early processes were well documented and were presented in 
Figure 5.59a. DTD for EP B1 #3 with EP B3 #14 motif         Figure 5.59b. #3 Ascot 
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various academic and 
professional settings. Digital 
Dilemma was one of the 
first DTP series created by 
the researcher/designer and 
the first piece of art-to-wear 
had both successful and 
unsuccessful components. 
Upon reflection, the skirt 
from the series had the ideal 
imagery and historic 
reference that the rendering 
in Figure 5.60 suggested. 
Because the Digital 
Dilemma skirt’s DTD was 
engineered with images and 
textures that were saved in 
a digital file (Figure 5.61), it was possible to match the colors and motifs. The  
bodice of the ensemble was designed to feature a live edge all along the neckline, sleeve 
edges, and waistline edge even though the half-scale pattern pieces were drafted with straight 
edges. The wing imagery dictated the shape of the printed wings, but the scale and 
embellishment were manipulated digitally.  
Figure 5.60. Inspiration rendering for EP B3 #15 
Figure 5.61. Digital motif examples for EP B3 #15 
 206 
Different than previous examples, the digitized pattern pieces for this prototype added 
seam allowance before engineering the print to allow for slightly more flexibility in the 
construction of the garments. The 
original pattern piece path was used 
to place imagery and deleted after 
the placement of all of the 
engineered motifs. The cutting line 
(outer path) was used for the 
clipping masks and a video tutorial 
on using clipping masks in 
Illustrator was created. 
For each pattern piece, the 
bark image was placed and clipped 
individually (Figure 5.62). Because 
the design was symmetrical only 
one of each pattern piece type was 
needed for engineering. The 
stitching lines (inner lines) were 
used as a guide for the already 
Photoshopped motifs from Digital 
Dilemma. Individual motifs were 
strategically placed to line up or 
cross over seamlines and to extend 
Figure 5.62. EP B3 #15 digital engineering process 
Figure 5.63. EP B3 #15 digital engineering process 
Figure 5.64. EP B3 #15 digital engineering process 
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beyond garment edges (Figure 5.63). When all of the motifs were properly placed, the 
stitching path was deleted (Figure 6.64). The half-scale textile print marker was arranged and 
then scaled to full size.  
The faerie wings were 
created by isolating one-half of the 
wing image and layering the same 
manipulated motifs used on the 
bodice. Extra leaves were placed in 
the negative space to be used in 
other parts of the costume. When 
the marker layout was finished, all layers were merged. The canvas size was increased, and 
the wing was copied and reflected (Figure 5.65). To enhance the gossamer wing effect, the 
wings were printed on organza. Since organza is a sheer fabric, the hue/saturation was 
adjusted to make the colors and details more noticeable when printed.  
 The bodice was constructed with couture methods and used the live edge method 
practiced during EP B1 #1 and EP B3 #14. Figure 5.66a shows the finished live edge detail 
and figure 5.66b back detail with engineered mirrored print, 3-dimensional feather 
Figure 5.65. EP B3 #15 digital wing development 
Figure 5.66a. EP B3 #15 live edge               Figure 5.66b. EP B3 #15 back detail 
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embellishment. By using the same digital motifs, the skirt and bodice worked together as a 
single costume. The finished artifact (Figure 5.67) shows the costume with and without the 
organza wings. The wings were stiffened with a glue mixture and shaped over a form. If 
these wings were being worn on stage over multiple shows, the edges would have needed to 
be reinforced with wire or multiple wings could be printed and stiffened with glue.  
Step 3: Evaluation of design and production decisions for #14 and #15. The 
redesigning of costumes using full garments, garment components, patterns, and textiles are 
already practiced in the costume industry. EP B3 #14 used a simple geometric shape and one 
dynamic image to redesign a theatrical fashion. Costume designers and technicians often 
create elaborate surface treatments using simple pattern shapes to develop costumes with 
high impact on the stage. Many simple pattern shapes, such as capes and skirts could be 
digitally drawn directly in software programs. Using the methods from EP B3 #14, one does 
not need access to a digitizing board and patternmaking software to obtain a digitized 
geometric pattern.  
Figure 5.67. EP B3 #15 finished photos 
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Access to the working digital files of the digitized pattern pieces and surface designs 
will speed up redesigning. One educator from Phase II provided the example of working in a 
theatre that produces the same shows in a cycle. By having the digital files of the surface 
prints that were used for a production, surface designs could be reprinted as needed. One of 
the challenges before DTP is that the print that was used for the costumes may no longer be 
available. This could mean that the need for only a few ensemble pieces would lead to a 
much more significant redesign in order to coordinate the look. EP B3 #15 used the skirt’s 
digital file to redesign the bodice. The skirt and the bodice were printed on the same fabric 
and at the same DTP lab yet over three years apart. The colors remained consistent enough 
and could have been perfected through sampling and color calibrating.  
 Another strength of working with digital files is the speed in which multiple 
colorways can be visually presented and printed.  Photo editing software makes it possible to 
recolor a complete file with just adjusting a few settings (Figure 5.68). This is a perfect way 
to costume ensemble characters. Adjustments can be made to the pattern pieces, seam 
allowance, grade, or scale before the color is altered so the variations can fit multiple sizes.  
 
Figure 5.70. EP B3 #15 multiple colorways 
Figure 5.68. EP B3 #15 multiple colorways 
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Experience Prototype Series C 
One of the functional DTP themes indicated by educators who are already practicing 
or teaching DTD, was the time DTP saves in labor. It takes costume shops time and energy to 
manipulate, embellish, and distress fabrics and costumes. With DTP it is possible to 
manipulate, embellish, or distress a section of fabric to scan and copy. It is also possible to 
engineer the scans into placement prints as well as digitally adjust multiple versions of repeat 
or engineered DTD to elicit various distressed effects. Series C began its spiral by creating 
analog embellishments with the intention of digitally duplicating them to save time and 
finished by creating digitally engineered prints with the intention of digitally duplicating then 
to make alternate versions. As the series (Figure 5.69) moved through the rounds and 





Figure 5.69. EP series C, artifact IDs from left to right #4, #9, #10, #12, and #13 
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EP C1 Artifact ID #4 
 EP C1 was the first experience prototype to attempt to use DTP as a method for parts 
of a costume design. Educators commented on using small-scale DTP with heat transfer 
sheets or printer hacks to design and print emblems and patches. Heat transfer sheets can be 
purchased at a fabric store and run through a typical office inkjet color printer. The image has 
to be reflected before it is printed as the sheets are ironed on the garments, and the image is 
transferred to the textile. One educator even talked about adhering freezer paper to regular 
fabric and running it directly through their office printer.  
Step 1: Discovery and definition for #4. Hand surface manipulation and 
embellishment can be time-consuming. Techniques such as appliqué and embroidery are 
often repeated throughout a costume or a series of ensemble costumes. What if one section of 
a costume could be embellished using 
traditional labor-intensive methods and 
replicated by printing counterfeits? 
Depending on the success of the illusion, 
the multiple printings could provide 
considerable savings in both time and 
cost. The 1580 Kirtle and Gown from the 
Janet Arnold’s Patterns of Fashion were 
used as the embellishment and pattern 
resources. Figure 5.70 shows the scan of 
Arnold’s 1580 Woman’s loose gown 
with appliques. 
Figure 5.70. Scan of Arnold’s historic pattern 
resource 
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Step 2: Generation and exploration for #4. The pattern for the kirtle and gown 
were scaled to half-scale using the office scanner method. A half-scale muslin mock-up was 
built to check fit and figure out sequencing. The half scale appliqué pieces were too small to 
work with so they were scaled up using the same process to get to the pattern resource to half 
scale - using a regular office scanner and scaling 200%. The inch grid was checked with a 
ruler to make sure the scaling was accurate. The kirtle (underdress) used the vintage print that 
was reproduced for EP B1 #3, in the original colorway. The colors from the vintage print 
were used to select the linen, trims, thread, and embroidery floss for the rest of the costume. 
 The full-scale applique pattern pieces, intended for the top of the gown, were traced 
onto green linen and extended to include a ½” seam allowance. The inner aqua applique 
pattern pieces were backed with iron-on fusing and adhered to the green linen pieces of 
appliqué. Only one of each unique shape was needed. Figure 5.71 represents the plan for the 
applique pattern 
pieces: (a) curved 
appliqué - make one - 
print 4 - 2 left and 2 
right, (b) back straps - 
make one - print 2, (c) 
collar straps - make 
one - print 7, and (d) 
sleeve cuff and insets 
- make one print 2.  Figure 5.71. Researcher/designer journal pages for applique plan 
and time record for EP C1 #4 
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 A machine embroidery 
stitch straddled the edge of aqua 
and green (Figure 5.72). Not 
only did the stitching work to 
integrate the piecing it also kept 
the aqua edge from fraying. 
Multiple machine embroidery 
stitches in coordinating colored 
threads were used to create a consistent pattern. Additional hand embroidered French knots 
were added to the center machine embroidery detail. Figure 5.73 represents a finished 
applique piece with machine and hand embroidery. It took the researcher/designer a total of 7 
hours to complete all applique pieces for this part of the gown. It would have taken more than 
18 hours to complete all applique pieces so scanning and duplicating the actual analog 
appliques time was saved. Since the intent of this design was to use the pattern and shapes 
indicated by the historical pattern drawing, the irregularly drawn curved edge was 
purposefully duplicated. The seam allowance was not trimmed to the curved edge but rather 
left as a structural support for the delicate appliqué and machine embroidery. 
Figure 5.72. EP C1 detail machine embroidery  
Figure 5.73. EP C1 #4 Analog appliqué piece with machine and hand embroidery 
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 A pencil and ink sketch was created for the larger embroidered appliqués that were 
placed on the lower half of the gown. The design was folded in half and traced so it would be 
symmetrical (Figure 5.74). The pattern was scaled to a size that would work with the hand 
stitching and size of embroidery floss (13.5” width x 3.5” height) with the intention to 
digitally rescale to a larger size for the textile marker. 
 The pattern was then transferred to the green linen and hand embroidered with satin, 
chain, back, and french knot stitches (Figure 5.75). Significant time was saved here because 
it took 16 hours to hand embroider one applique at this scale. The design needed a total of 9 
appliques and all needed to be at a larger scale. It would have taken an additional 128 hours 
to embroider all of the appliques at this scale and much longer at the scale required.  
Figure 5.74. EP C1 #4 Hand drawn mirrored design for hand embroidered 
  Figure 5.75. EP C1 Hand embroidered design to be digitally copied 8 more times 
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The DTD process, similar to EP B1 #2, was used to reproduce the hand and machine 
embroidered appliqué components of the gown. All pieces were scanned using an office 
scanner as full-color photos at 300 dpi and opened in Photoshop first; some pieces needed to 
be isolated and cropped, and some needed to be merged. The embroidered design for the 
lower half of the gown was resized in Photoshop to become large enough for the space it was 
designed to fill. The Photoshop pattern piece files were placed into an Illustrator marker 
(Figure 5.76) and each piece was copied and reflected as many times as needed. The pieces 
Figure 5.76. EP C1 #4 Illustrator marker containing extra appliqué pieces for 1580 Gown 
 216 
were placed tightly together on the marker because the seam allowance was built into the 
appliqués from the start. Extra appliqué piece were added to fill in the yardage and act as 
backups in the event they would be needed. The finished marker was printed on a piece of 
Belgian Linen that measured 50” wide x 46” long. The linen provided the matte texture and 
similar hand to the solid colored linen that was purchased for the gown. 
The kirtle and gown were constructed using traditional costume construction 
techniques. The printed applique pieces that were designed for the gown were trued to the 
original scaled paper patterns and sewn as insets (Figure 5.77a) or as appliques with a hand 
blanket stitch, matching seams when needed (Figure 5.77b). The gown was faced and lined, 
and frog closures were added along the center front opening. The kirtle was interlined; linen 
from the gown was inset along the hem and cuff edges, and armscye edges were bound and 
laced together. Figure 5.78 on the next page shows the finished artifact. 
         Figure 5.77a. EP C1 #4 construction detail                Figure 5.77b. EP C1 #4 detail 
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Step 3: Evaluation of design and production decisions for #4. The style of the 
1580s gown was a perfect opportunity to use DTP for only a portion of the costume. The 
amount of DTP was minimal compared to the yardage required for the entire costume. This 
was an effective way to manage the costs of DTP and reduce the number of labor hours spent 









(Figure 5.79).   
Figure 5.78. EP C1 Artifact #4 finished photos 
Figure 5.79. EP C1 #4 DTP trompe l’oeil detail 
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  Even though the resizing (Figure 5.80) and trompe l’oeil illusion of the hand 
embroidered sections for the lower part of the gown were very effective, the integration into 
the gown was not as fluid; partly because of the poor color matching of the greens between 
the DTP and the original color pallet seen in Figure 5.80 of the costume and partly because 
they looked like appliques and not embroidery on the actual surface (Figure 5.81). 
 
Figure 5.80. EP C1 #4 Photoshop rescaling of scanned embroidered section 
Figure 5.81. EP C1 #4 Digital trompe l’oeil applique 
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 After completing only the first experience prototypes of each of the three series, it is 
evident that there were many benefits and challenges to creating engineered surface designs. 
By tackling the engineering surface design theory using analog techniques and using 
technology merely as a way to translate the designs to a digital format provides practical 
DTD methods to introduce the engineering method to educators. The potential cost and labor 
savings of duplicating analog surface designs should make DTP a viable option when 
managing the budget. The reduced commitment level of only printing components of a 
garment should increase the educator’s confidence in experimentation. Table 5.11 represents 
the methods, technologies, user skill levels, and alternatives for EP C1 #4. 
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EP C2 Artifact ID #9 and #10 
The previous experience prototype EP C1 #4 used analog engineered design to create 
appliqué pieces for a historically inspired costume. EP C2 #9 focused on using analog 
engineered design for entire pattern pieces by using half-scale patterning, hand 
embellishment, and the photorealistic power of DTP. EP C2 #10 focused on using digital 
engineered design by using full-scale low-tech pattern digitizing, digital rendering, and 
digital distressing. Both artifacts (#9 and #10) used the same costume pattern resource as EP 
C1 and explored different methods of DTD. Arnold’s (19) historic rendering, patterns, and 
descriptions included a doublet with sleeves and breeches, and a quilted doublet. The 
resource was traced and watercolored by the researcher/designer to test colorways and 
decorative embroidery patterns (Figure 5.82). The graphic pattern developed for EP C1 was 
edited to work as the strap detail for the breeches. 
Figure 5.82. Researcher/designer’s watercolor test of Arnold’s (1964) rendering  
 221 
Step 1: Discovery and definition for #9. Even though #9 and #10 used the same 
resource the approach to their DTDs was very different. EP C2 #9 used the process of half 
scale patterning and analog embellishment similar to EP B1 #2 and modified the analog 
applique process of EP C1 #4. 
Step 2: Generation and exploration for #9. The patterning for the doublet used the 
following steps: (a) identify historic pattern resource, (b) scale the pattern pieces to half-scale 
using the scanner/ enlarge method, (c) trace pattern pieces on wrong side of fabric and only 
trace one side, (d) add proper seam allowance based on scale of the pattern pieces (for this 
example a 1/2” seam allowance was desired therefore 1/4” was added to the traced pieces on 
the fabric), and (e) cut out the fabric 
pieces. The fabric pieces were thread 
traced on the seamlines and trim 
placement lines, etc. The 
researcher/designer applied bias 
binding of EP C1’s green linen and 
braided trims by hand and machine 
(Figure 5.83). Additional hand 
embroidery was added to the trim to 
coordinate with the color pallet from 
EP C1. The half-scale embellished 
fabric pattern pieces were scanned 
and opened in Photoshop.  
Figure 5.83. EP C2 #9 trim process on half-scale pieces 
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The results of the scanned pieces were not workable for the DTP; the weight of the 
distressed faux leather could not support the embellishing and was too wrinkled and distorted 
in the first round of scans. In order to add weight and stability to the pattern pieces, each half-
scale fabric piece was backed with quilt batting. Historical research was done to find 
appropriate quilt pattern from doublets of that period.  Figure 5.84a is the historical resource, 
and Figure 5.84b is the machine-quilting pattern derived from the resource for the doublet 
front for EP C2 #9. Each quilted line was tied to the back so no backstitching would be 





Figure 5.84b. EP C2 #9 Machine quilting 
pattern for the doublet front 
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visible. After all of the pieces were quilted, they were scanned again, and this time appeared 
to be successful. The DTD used the same method practice in EP B1 #2. The scans were 
manipulated in Photoshop and placed and copied in Illustrator to create the engineered textile 
marker for the full garment (Figure 5.85). 
 
Figure 5.85. EP C2 #9 Engineered textile marker 
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The breeches used the manual method 
of scaling from a historic costume resource. 
The design for the embroidered appliqué 
pattern was a variation of the design used for 
the 1580 gown. The hand-drawn design was 
scanned and opened with Illustrator. A center 
guideline was added, and the pen tool was used 
to draw half of each of the shapes. Each half 
shape was copied, reflected, and joined so each 
shape was closed and could be filled for future 
designs. The Illustrator design file was scaled 
up to accommodate a size that could be cut and 
stitched with ease and then later scaled back to 
the proper size. The design was printed using a 
regular office printer and mocked up for as a pattern for the strap (Figure 5.86). The shaped 
pieces were cut out of distressed leather and basted in place. The pieces were outlined with a 
blanket stitch in magenta embroidery floss.  
 The strap for the breeches was bound at the edges, then scanned and digitally merged 
in Photoshop. The original strap was finished with a binding at the edges and it would have 
been incredibly time-consuming to follow the slightly irregular curse live edge of the 
binding. As a fix to the potential problem, the scan was manipulated in Photoshop to extend 
the binding texture into a seam allowance so it could be finished to look like the edge was 
bound (Figure 5.87). 
Figure 5.86. EP C2 #9 breeches strap 
applique process 
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The textile marker for 
the doublet was scaled to full 
scale, and the textile marker 
for the breeches was left in 
the intended scale; both were 
sent to be digitally printed the 
doublet on cotton canvas and 
the breeches straps on linen. The printed textile was washed and dried according to care 
instructions. The strap was scaled smaller so that it was the size needed for the breeches. The 
strap was then placed in Illustrator (Figure 5.88) and copied fourteen times in the full-scale 
textile marker. Two additional larger scale straps were added to the marker for props.  
Figure 5.88. EP C2 #9 Digital textile marker 
Figure 5.87. EP C2 #9 Digital strap modification 
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The illusion of the trompe l’oeil trim was 
perfectly visible in the doublet print but 
unfortunately the quilting detail was not. As a 
result, the same quilting process that was a solution 
for the half-scale became the solution for the full 
scale printed pieces. Each piece was backed with 
batting, each quilted stitching line was pulled to the 
back and tied off (Figure 5.89). The doublet was 
built using traditional costume construction 
techniques. The quilting provided additional 
structure for the shoulder wings (Figure 5.90). 
Figure 5.89. EP C2 #9 detail 
  Figure 5.90. EP C2 #9 DTP trompe l’oeil trim detail and machine quilting 
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The breeches straps were lined with the distressed faux leather and prepped onto the 
burgundy linen base. The linen was box pleated between the straps and attached the 
waistband. A shorter lining was used to create a space for the breeches to be stuffed and both 
layers were gathered into the canions. Figure 5.91 shows the finished artifact EP C2 #9 in 
multiple views. 
 Step 3: Evaluation of design and production decisions for #9. Unfortunately, the 
entire machine quilting work that was done on the half-scale fabric doublet pieces was lost in 
the translation of DTP. Certain colors are harder to print using particular types of printers, 
specific inks or pigments, and different textiles. There are many factors associated with the 
success of the print; the printed illusion of trim work and hand embroidery was very 
successful in the scaling from half-scale to full scale. Material, time and labor costs were 
reduced by only hand engineering half of the double at half-scale.  
Figure 5.91. EP C2 #9 finished photos 
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One of the biggest successes of EP C2 #9 was the duplication of the breeches strap. It 
took 12 hours to prep the strap, cut out the leather appliqué pieces, baste in the pattern layout 
plan, hand blanket stitch, and bind the edges. After this piece was placed in the digital marker 
it took less than 2 minutes to duplicate 14 more times. To complete all of these straps by 
hand it would have taken over two weeks rather than 1.5 days. The time and labor cost 
savings of printing the straps was significant (Figure 5.92b)., as was the visual impact of the 
scaled trompe l’oeil handwork (Figure 5.92a). Table 5.12 highlights the methods, 
technologies, user skill levels, and alternatives solutions for EP C2 #9. 
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Figure 5.92a. EP C2 #9 close up                         Figure 5.92b. EP C2 #9 close up 
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Step 1: Discovery and definition for #10. The conventional method of hand scaling 
a pattern source to full scale with the ability to digitally trace and engineer a surface design 
was the DTD inspiration for this artifact. As seen with previous EPs, it is possible to digitize 
half-scale and full-scale pattern pieces using an office scanner and off-the-shelf software to 
engineer a surface design. By adding the use of digital filters and more technically advanced 
DTD processes, the engineered image can appear more realistic. 
  In a theatrical production sometimes multiple versions of the same costume in 
various levels of distress are needed. The DTP functional attribute of streamlined 
repeatability digitally echoes the educators’ theme of using surface manipulation to create 
various levels of aging and distressing. By creating a master digital engineered marker for the 
doublet, the researcher/designer developed multiple versions that were manipulated to reflect 
the stages of dimensionality and distressing.  
The digital marker was designed first as a relatively flat complex engineered digital 
image, second as a more dimensional realistic version, and third as an aged and distressed 
version. Streamlined repeatability also included DTP use for coordinating costumes with the 
set. This functional trend was seen in the Sherlock Holmes example as well as three other 
dance ensemble screenshots, where the DTP costumes matched the set. EP C2 #10 uses DTP 
for 2 attributes of streamline repeatability; 
various levels of distress and coordinate 
with the set. In this case, banners were 
engineered with the same digital artwork 
and the same digital distressing as the 
doublet (Figure 5.93). 
Figure 5.93. EP C2 #10 streamline repeatability 
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 Step 2: Generation and Exploration for #10. The 1600s Men’s Doublet pattern 
resource was manually graded on grid paper and mocked up as a full-scale muslin. The full-
scale pattern pieces were then scanned. Only the doublet front and shoulder wing did not fit 
in a single scan and needed to be pieced in Photoshop (Figure 5.94). All other scanned pieces 
could be opened directly into 
Illustrator. Each pattern piece was 
placed on a separate layer and 
labeled. All seven flaps were 
slightly different, so it was 
important to know which one was 
which. They were scanned and 
traced in order and then placed in 
the marker in order. Each pattern 
piece was placed on a separate 
layer and labeled. The marker in 
figure 5.95 was comprised of the 
traced pattern pieces for one side 
of the doublet. A second art board 
was added to provide working 
space for testing filters, brushes, digital techniques, and written notes for future recreation or 
manipulation. When testing the aqua color selected from the author’s watercolor 
interpretation of the Janet Arnold rendering it appeared that the solid color would be too flat 
because of the amount of space intended for the solid color. Filters were tested in the flaps 
Figure 5.94. EP C2 #10 Screenshot merging patterns 
Figure 5.95. EP C2 #10 marker for one side of 
doublet and working art board 
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first. The film grain texture worked well for the effect, but left the edges of the pattern piece 
irregular and slightly smaller than the outline. To alleviate this issue the entire marker was 
grouped, copied, and made to have a 2-point stroke of the aqua color that would be placed on 
top of the entire filter filled pieces. The group was then ungrouped.  
 Custom brushes were created for the stitching on the flaps. Knowing that the stitching 
on the flaps needed to follow the edge of each flap, the researcher/designer added an offset 
second stroke (Figure 5.96). The 
offset path was selected, cut, and 
extended the top edge of the flap.  
The custom brushes were 
applied to the offset paths as well as 
all other pen lines to represent the 
quilting lines and edge stitching lines (Figure 
5.97). The graphic design from the 1580 
woman’s kirtle, which was digitally traced in 
Illustrator, was used as a detail appliqué. 
Stock Illustrator brushes were also used to 
mimic the crimson cross-stitching. After the 
Illustrator work was completed, the full 
shoulder wing and the collar were copied, 
added to the one side marker, and altered to 
reflect the inside placement on the doublet.  
Figure 5.96. EP C2 #10 Digital process 
Figure 5.97. EP C2 #10 Digital process 
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The Illustrator doublet pattern marker (right side only) file was opened in Photoshop 
so that shadows and highlight could be added as one version of the prototype and aging and 
distressing could be added as another version of the prototype. Figure 5.98 shows shadows 
and highlights added to the top right flap. 
The distressed version used free downloadable digital dirt brush (Figure 5.99) to age 
and distress using opaque layers. 
The approach for this technique is 
different from the analog dirt map 
from EP A2 #11. However, the 
handmade dirt map could have 
been scanned, a section could have 
been isolated, and turned into a 
brush to create a similar effect.  
Figure 5.98. EP C2 #10 DTD process of adding shadows and highlights in Photoshop 





  The Photoshop dirt 
brush was applied using a brown 
color and in a stamping method 
one layer above the marker, and 
then multiplied, to achieve the 
look like the distressed banner in 
figure 5.100. The banner was 
developed using the same 
methods as the doublet.  The 
graphic shapes, fills, offset paths, 
and custom and stock brushes 
were used in the banner design. 
The banner was duplicated in the 
marker and then brought into 
Photoshop for dimension and 
distressing (Figure 5.101).  
The doublet marker was 
designed with 3 stages of DTD 
development including a flat 
complex engineered digital 
image, a more dimensional 
realistic version, and an aged and 
distressed version (Figure 5.102).  Figure 5.101. EP C2 #10 Digital banners 
Figure 5.100. EP C2 #10 Dirt brush process 
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The fabric was printed on cotton denim and upon washing as instructed much of the 
color washed out and it shrunk. Regardless, the doublet and banners were constructed using 
the faded piece because these were experience prototypes and colorfastness and shrinkage 
issues are potential real-life limitations to DTP. The doublet was constructed using the flat 
DTP half and the distressed DTP half to create one artifact where the comparison was clearly 
visible. The banners were bagged out, finished, and hung respectively as a flat version and a 
   Figure 5.102. EP C2 #10 Doublet textile marker 
 235 
distressed version. The dimensional versions of the doublet were left uncut so that it could be 
viewed with the finished artifact and used as an example for educators and costumers. 
Throughout Phase III, the researcher/designer has intentionally left parts of other EP’s DTP 
unconstructed as a way to emphasize the process of DTD and DTP.  
 Step 3: Evaluation of design and production decisions for #10. The printed 
doublet was compared to the full-scale muslin mock-up 
to measure the amount of shrinkage that happen when the 
fabric was washed. It shrunk almost 2 sizes; it could have 
been the particular bolt of fabric as shrinking to this 
magnitude had not been seen yet with any of the 
experience prototypes. The extreme fading of the color 
limited the overall effect of the shading and distressing, 
but it was still evident when comparing the print version to itself (Figure 5.103). Table 5.13 
shows the methods, technologies, user skill levels, and alternative solutions for EP C2 #10. 
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Figure 5.103. EP C2 #10 close up 
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EP C3 Artifact ID #12 and #13 
EP C2 used digital tools on engineered surface designs to achieve various aesthetic 
effects, such as trompe l’oeil, dimension, and distressing. The results from EP C2 lead the 
research to focus on another aesthetic effect that arose during Phase II. Only one educator 
mentioned the need to source the same fabric in color and black and white for the production 
of the Wizard of Oz. The transformation of traditional black and white film to full 
Technicolor was brilliantly executed when Dorothy stepped out of her newly situated house 
in the Land of Oz. Her grayscale gingham dress became a lovely medium blue and white 
gingham dress; to get the exact match in scale, weight, and values was a challenge; however, 
by digitally printing the two color versions, all aspects of the designed can be maintained.  
The use of black and white scenes to represent memories, dreams and time changes is 
a theatrical technique used in film as well as on the stage. With DTP, it is incredibly fast to 
transform a color digital file to grayscale. As seen in previous EPs the ability to get an exact 
duplicate of a repeat tile or engineered surface design in various colorways requires only 
simple manipulation in photo editing software; the process is similar for changing a color file 
to grayscale. Traditional printing methods using color reduction would limit the tonal 
variations of the grayscale, but by using DTP, the extreme tonal variation allows for much 
more complicated images to be successfully transformed.  
 Step 1: Discovery and definition for #12 and #13. The flexibility of manipulating 
finished digital files and the use of alternative pattern cutting techniques, discussed in EP B3 
were the primary inspirational factors for this EP and further developed in EP B3. The 
artifacts in this EP are two versions of the same costume, one in color and one in grayscale. 
The shirt design utilized alternative creative pattern cutting techniques to support noticeable 
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engineered motif placements as a way to emphasize the visual effect of recognizing the 
garment as a duplicate. The skirt fabric could 
have been digitally printed but it was an 
opportunity to test the difference between 
similar and identical surface designs. It is not 
always possible to find identical surface 
designs, thus the plaid fabric for the skirt was 
sourced as two similar woven plaids and were 
not meant to be identical.  (Figure 5.104).  
 Step 2: Generation and exploration for #12 and #13. The engineered surface 
design for the shirt was initially created in color and then the file was altered to grayscale for 
this EP - definitely the more effective way to work this process. The half-scale creative 
cutting patterning and low tech digitizing processes that were used for the original shirt will 
be described briefly. The half-scale muslin mock-up was fit, and the pattern was altered 
accordingly (Figure 5.105). 
Figure 5.105. EP C3 half patterning and muslin mock-up sequence 
Figure 5.104. EP C3 sourced plaids 
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 A hand-drawn technical sketch was used to experiment with motif placement and 
crossover areas. A digital folder was created to organize the motif imagery (photographs, 
collaged items) and scanned textiles garment detail s (actual buttons, garters, etc.). For the 
body of the shirt, the squid diver illustration was put into a four-way mirror repeat pattern tile 
in Photoshop and filled with a textured background in Illustrator. The repeat tile was saved as 
a swatch in Illustrator and used to fill a rectangle big enough to use as a clipping mask for the 
bodice front and back. The rectangle was placed strategically within and across the digitized 
pattern pieces. 
Each pattern piece was worked in its own Illustrator file however; the entire shirt or 
section could be worked in a single file (Figure 5.106). After each pattern piece was filled 
using the clipping mask method additional manipulated motifs were placed and enhanced 
with filters. Because the pattern 
pieces were still in half-scale, 
each finished pattern piece was 
brought into a maker measuring 
half the width of the fabric. 
Most pieces were duplicated and 
reflected so that both the left 
and right sides would be printed. 
Individual pieces such as the 
bodice front and tie overlap 
closure were asymmetrical and 
were accounted for once on the 
Figure 5.106. EP C3 #12 clipping masks for shirt 
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marker. No seam allowance was added to the paper or digitized patterns therefore when the 
pieces were placed on the marker 
enough space was left between 
the pieces in the layout (Figure 
5.107). Once all of the pieces 
were finalized, the extra pieces 
(if any) were deleted, and the art 
board was cropped to the length 
necessary. 
The AI file was opened in Photoshop, adjusted to full scale, and saved as a TIFF with 
the DPI required by the printer. The file was then saved again for the black and whited 
version. A simple grayscale adjustment was all it took to transform the engineered print. The 
canvas size height was extended to become 72” to maximize the 2-yard order. The empty 
space was filled with the egg 
repeat pattern for EP B1 #3. The 
file was uploaded to the online 
DTP service company, 
Spoonflower (Figure 5.108), the 
file was centered using the 
website’s repeat tools, and the 
layout was approved, and the 
print was ordered. 
Figure 5.107. EP C3 #12 textile marker for shirt 
Figure 5.108. Screenshot of online DTP service 
company order for EP C3 #13 and EP B1#3 
 240 
Seam allowance was added to the 
printed pieces, and the original shirt was 
used as a construction guide (Figure 5.109). 
The shirt was the only part of this costume 
that utilized DTP, sourced plaids, textiles, 
and notions were used for both version of 
the skirt (color and black and white) and 
bustles.  
The structural undergarments were 
inspired by historic patterns found in Norah 
Waugh’s Corsets and Crinolines. The skirt 
was draped in full scale to work with the 
silhouette created by the bustle. The 
researcher/designer decided to put the 
grayscale’s bustle on the outside of the 
skirt; the visual effect of the sheer bustle 
had an x-ray quality that worked with the 
costume comparison. The similarities of the 
plaids were close enough that the costumes 
appeared almost identical when viewed 
separately (Figure 5.110). However, when 
viewed side by side it is clear that they are 
not identical.  Figure 5.110. EP C3 #12 and #13 finished 
Figure 5.109. EP C3 #13 process 
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Step 3: Evaluation of design and production decisions for #12 and #13. The 
translation of color to black and white was successful. Figure 5.111 shows the detail achieved 
from the textural qualities of the scanned leather, the tonal values of the scanned magazine 
image of a ceramic antler, and the perfect alignment of the four-way mirror repeat tile fill. 
The use of creative pattern cutting techniques provided unique shapes to work with the 
shapes of the imagery and working in half-scale afforded ease in scanning and digitizing. The 
amount of time saved from using an established digital file and the amount of visual impact 
from the side-by-side comparison, are valid reasons for using DTP. It only took 3 minutes to 
upload the original color file, adjust it to gray scale, and upload the new file to an online DTP 
service company. Figure 5.112 shows the finished artifacts #12 and #13 and table 5.14 
displays the methods, technologies, user skill levels, and alternative solutions for #12. 
Artifact #13 merely adjusted #12’s digital file in Photoshop. 
                 Figure 5.111. EP C3 #13 print detail 
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Figure 5.112. EP C3 artifacts #12 and #13 finished photos 
 243 
Step 4: Testing the Taxonomy for all the Experience Prototypes 
Each artifact from the experience prototypes was used to test the taxonomy. Artifacts 
#1 - #16 were planned (step 1), executed (step 2), and evaluated (step 3) based on the trend 
analysis instrument, educator themes, and levels of technical integration. The 
researcher/designer visually tracked the planning, execution, and evaluation throughout the 
EP iterations (Figure 5.113).  
 The chart in Figure 5.114 (See Appendix K for complete table) has all aesthetic, 
functional, and technical attributes from the taxonomy listed on the left with the attributes 
that are only possible because of DTP indicated with the ❖ symbol. Using the evaluation of 
the artifacts, the researcher/designer indicated each attribute that was apparent in each artifact 
as indicated by the ü symbol. 
Figure 5.113. Researcher/designer’s visual planning and tracking of EPs 
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Step 5: Communication of the Solutions for EP Series A, B, and C 
In order for DTP to be integrated into costume education, communication of the 
practical applications and the digital knowledge is paramount. During the preparation and 
creation of the EPs, the entire process was documented with design journals, process steps 
and photographs, screenshots and digital recordings, and a finished virtual exhibit website 
(see https://briannaplum.wixsite.com/prototypes). Throughout this chapter, the discussion of 
the EPs included a sampling of journal pages, a few process photographs, and finished 
photographs of the artifacts. In addition to the documentation presented in the research, 
comprehensive step-by-step processes were recorded for future dissemination. Since the 
purpose of Phase III of this study was to develop models to integrate DTP into costume 
education and provide examples for educators, the models will be discussed in the next 
section using the Eps in this study as examples for using the models.   
Figure 5.114. Small section of Appendix K: Testing the taxonomy 
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Costume/Theatrical Fashion Process Models to Integrate DTD and DTP  
The primary purpose of the research was to identify how DTP is being used for 
costume/theatrical fashion design and to propose costume design and costume production 
models to integrate DTD and DTP and facilitate access to DTD and DTP technologies. 
Figure 5.115 (see appendix M for larger views) shows both models presenting the steps in the 
costume design process and the costume production process where DTD and DTP can be 
integrated across a spectrum of conventional (gold) to low tech (aqua) to high tech (blue). 
The designer or technician can travel across the design and production models to utilize 
many of the processes described during the experience prototypes. The costume educators 
and costume practitioners who use the models presented in this study should be able to 
choose multiple paths that work for them, their students, their staff, and their costume shops. 
Figure 5.115. Costume/theatrical fashion process models to integrate DTD and DTP  
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The steps start at the top and are numbered and labeled in white rectangles along the 
conventional side of the model. In Figure 5.115 the models are placed side by side with the 
conventional methods in the middle. The reflection of the arrangement from conventional to 
high tech is intentional, and the color is consistent so models could also be placed side by 
side to have the high tech levels in the middle. Each step within the costume design and 
costume production process is defined by a solid black rectangle and may include sub-steps 
identified by a dotted white rectangle and/or gray rectangles to highlight the options available 
within a certain step or sub-step.  
The costume design process works around and within the costume production process 
and is not necessarily sequential in the way the steps are completed. In many instances, the 
steps are revisited, and the decisions are revised as the design is conceptualized and built, 
especially when there is one costume designer/technician working on the design. The 
development of each model will be described separately and then used together to further 
discuss the examples from the experience prototypes. The educator interview results from 
chapter 4 revealed generalized costume design and costume production process steps that 
were similar to those in the review of literature. The educators emphasized that steps are not 
necessarily followed in a linear fashion nor each step completed before moving on to another 
step. Each model will be discussed individually and then together, using artifacts from this 
study as examples of how the model can be used. 
Integrating DTD in costume/theatrical fashion design model 
The costume/theatrical fashion design process steps include: (a) reading the script, 
design and production meetings, (b) rough sketches, inspiration, research, (c) script analysis, 
costume plot, budget, source fabrics and trims (d) final renderings, (e) work with the costume 
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shop to finalize design styles and fabrics, manipulate and distress fabrics, and (f) attend 
fittings and dress rehearsals. Many educators described the ideal design process to include: 
(a) collaboration, (b) enough time to explore ideas, (c) a healthy budget, and (d) efficient 
costume shop with talented drapers.  
In order for DTD to be effectively integrated into the costume design process, the 
educators’ ideal characteristics are key. The designer must be able to show a DTD during the 
early collaborative discussions; the designer must be confident in either designing the prints 
themselves or have costume technicians skilled in DTD. The designer must have enough time 
to allow for test samples to be printed either using an online DTP service company, local 
makerspace, or own printer. Obviously, if the digital textile printer is in-house the turnaround 
time is much quicker than if samples need to be ordered, printed, and shipped. The designer 
must also have the means within the budget to afford textiles that have printed digitally. 
Depending on the DTP provider and the variables (cost, labor, care, etc.) of the non-digitally 
printed textiles, DTP may be a more or a less expensive option.  
The EPs in this study used DTP as entire costumes and as components to costumes, 
so some of these strategies could be budget friendly. Designers must be able to work with 
their costume shop to interpret the DTD, especially if the surface design needs to be 
engineered for digitized pattern pieces. The low tech digitizing methods presented in this 
study provides digitizing access for most costume technicians; therefore, making engineered 
prints are a valid possibility. One of the educators from Phase II emphasized that DTP is 
putting more responsibility on designers. The designer can benefit from having more 
knowledge of patternmaking techniques, and the technician can benefit from having more 
design knowledge.  
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The costume/theatrical fashion design model shows the costume design steps where 
DTD can be integrated, thus it does not include the design process steps of fitting and dress 
rehearsals. The steps include: (a) CD1, rendering and inspiration/research, (b) CD2, surface 
design development, and (c) CD3, aging and embellishing. 
 CD1. Rendering and inspiration/research (Figure 5.116). The plan for DTD can be 
integrated during all levels of CD1, rendering and inspiration/research. The conventional 
methods of rendering and inspiration research include: (a) traditional face-to-face design and 
production meetings, (b) using tangible printed research and historical garments, and (c) 
rendering roughs and finished sketches using analog methods.  
Script analysis and costume plots could be done conventionally, however it is an area 
where educators agree that technology is currently being used by many costume designers. 
High tech methods include: (a) web collaborations, (b) research from virtual 3D galleries, 
and (c) 2D and 3D digital costume roughs and finished renderings. 
Figure 5.116. DTD Model close up CD1. Rendering and inspiration/research 
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 CD2. Surface design development (Figure 5.117). Because costume designers are 
typically responsible for swatching and sourcing fabrics for their designs, CD2 surface 
design development is integrated into the costume design process. However, it is possible that 
similar to the costume rendering / costume build relationship, textile surface designs can be 
rendered or presented by the designer and then produced by costume technicians or DTD 
services.  
This step contains 2 sub-steps: (a) motif creation and (b) layout design. The low tech 
and high tech methods of motif creation and layout design within the surface design 
development step encompass the analog and digital methods discussed in depth in this study. 
The options presented in the gray rectangle for surface design development provide decisions 
for the visual elements of the surface design including: (a) artistic style, (b) subject matter, 
(c) colorways, and (d) aesthetic effects. The other gray rectangles within the surface design 
development step identify various repeat and engineering for layout options. 
   Figure 5.117. DTD Model close up CD2. Surface design development 
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 CD3. Aging and embellishing (Figure 5.118). The last step in the costume design 
process integrating DTD is CD3 aging and embellishing. Aging and distressing allow the 
costume to appear faded or distressed and requires proper placement of distressing 
techniques. Embellishing includes surface techniques such as embroidery, applique, painting 
and dyeing techniques, etc. The conventional level includes analog methods of manual aging 
and distressing and embellishment planned by the designer and could be done by the designer 
or the craftsperson in a costume shop. Low-tech levels include manual distressing and 
embellishment that can be digitized and high-tech levels include the CAD creation of aging 
and embellishments. Embellishing can also be used in conjunction with textile manipulation 
that is found in the costume production model as well.  
Integrating DTP in costume/theatrical fashion production model 
For costume production the generalized steps from the review of literature were: (a) 
obtaining the measurements of the character/client, (b) patterning of the garment, (c) muslin 
mock-ups and fitting, (d) cutting and manipulating sourced textiles, (e) building the costume, 
and (f) final fittings. The educators from Phase II either mentioned these steps within their 
own production process or as part of the responsibilities of the costume shops with which 
they work. The costume/theatrical fashion production model shows the costume production 
steps where DTP can be integrated. The steps include: (a) CP1, patterning, (b) CP2, mock-
up, (c) CP3, fabrication, and (d) CP4, build and does not include final fittings. 
Figure 5.118. DTD Model close up CD3. Aging and embellishing 
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 CP1. Patterning  and CP2. Mock-up (Figure 5.119 ). CP1.Patterning and CP2. 
Mock-up conventional levels (gold) include measuring the actor with a measuring tape, flat 
pattern or draping to create a tangible pattern (either half-scale or full-scale), making a 
muslin mock-up to fit and make adjustments to the pattern. The low tech levels within this 
step, scans the manually made patterns or pattern resources, and uses off-the-shelf software 
to obtain a digital file of the pattern pieces, then prints the digital file. Rather than using the 
muslin mock-up to fit the actors, the high tech levels include using a body scanner to import 
the measurements to proprietary pattern making software to create the digital pattern pieces 
or a digitizing board to translate the paper patterns to files compatible with proprietary 
marker making software. It is possible using high tech software to virtually stitch the design 
and fit it to an avatar in a 3D environment.  
          Figure 5.119. DTP Model close up CP1. Patterning and CP2. Mock-up 
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Some of the artifacts used high tech components during this step, but the 
researcher/designer did not consider it a priority because none of the educators interviewed 
currently had access to this type of high technology in the costume or theatre department. 
However, it is important to include it in the model for the future. Many of the leading fashion 
programs do have these high-level technologies, and this study posits that the emerging 
sharing of technical resources through makerspaces and interdisciplinary growth will lead to 
more access to the high tech methods.   
 CP3. Fabrication (Figure 5.120). The fabrication step includes conventional 
methods of using and manually manipulating the sourced yardage of textiles and incorporate 
DTP in both the low tech and high tech levels of fabrication. As mentioned when discussing 
the proposed costume design process model, there could be considerable overlap between 
designer and technician when working with fabrics, both on a conventional level and on 
higher technical levels. The process of preparing the repeat tiles and markers and the digital 
printing options are placed in this step of the costume production process because the 
costume shop would most likely be responsible for ordering the textiles selected by the 
    Figure 5.120. DTP Model close up CP3. Fabrication 
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designer. However, many costume designers are trained in the technical aspects of surface 
design (dying, painting, embellishing, and distressing) and may prefer the design control 
depending on their technological skills. The designer may create the artwork by hand or 
digital means for the technician to prepare the repeat tile or engineered surface for digital 
printing or they may develop the digital surface design layout themselves. 
CP4. Build (Figure 5.121). The build step happens after the fabrication step but 
depending on the optional methods of aging and embellishing could be before or after CD3. 
Existing technologies such as computerized and specialized sewing machines and emerging 
technologies including laser cutting, 3 D printing, and wearable electronics are part of the 
build steps. It is possible to integrate DTD and DTP and still use traditional construction 
methods without integrating existing or emerging construction technologies. 
Model examples  
The three artifacts that were selected as examples for the models represent one 
artifact from each series. Even though the models are presented in a linear orientation, they 
are meant to be used as flexible plans. The design process is different for every designer, 
technician, production, and theatre and the amount of technology needed for the desired 
costume effects vary. The examples are presented using the methods discussed in this chapter 
but the alternatives mentioned could be used to change the path of the artifact. 
Figure 5.121. DTP Model close up CP4. Build 
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Model example EP A1 artifact #1. Figure 5.123 shows how EP A1 artifact #1 
moved through the models. Artifact #1 started and ended using conventional methods of 
research, rough sketching, mock-up, and construction. Low-tech methods were used to scan 
and digitize as well as designing the plan for the single seamless repeat motif structure. High 
tech methods were used to create the garment marker for plotter printing, developing and 
preparing the digitally embellished seamless half-drop repeat tile, and digitally rendering the 
costume design. Some of the high tech methods required proprietary software and were not 
readily available for the public so alternative options using off-the-shelf software programs 
were previously discussed in this chapter. The researcher/designer discussed earlier in this 
chapter how the digitizing of the pattern pieces was not necessary to achieve the same 
aesthetic results because the textile print was not engineered to the garment pattern pieces. 
Likewise, low tech alternatives to surface design were also explored during the EP process. 
Figure 5.122. Model described using EP A1 artifact #1 as an example 
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 Model example EP B1 artifact #2. Figure 5.124 shows how EP B1 artifact #2 
moved through the models. The artifact’s process began on the design side with the web 
research for Steampunk culture and the hand and digital rendering for the design. After that, 
the process remained on the production side. The traditional patternmaking was done in half 
scale so the analog engineered surface design could be completed in a workable scale. The 
artistic surface design was considered production because of the level of precision and 
understanding of garment construction needed to effectively produce the trompe l’oeil 
effects. It was not until after the analog engineered surface design was completed when DTP 
technologies were introduced. The painted pattern pieces were scanned, uploaded, and 
manipulated in Photoshop using basic Photoshop skills. Digital file was translated into a half-
scale marker and then scaled to full before sending to an online DTP service company. The 
garments were constructed using conventional methods.  
Figure 5.123. Model described using EP B1 artifact #2 as an example 
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Model example EP C2 artifact #10. Figure 5.125 shows how EP C2 artifact #10 
moved through the models. Artifact #10 used conventional patternmaking methods to start 
but then used low and high tech methods for the digitizing and digital surface design. The 
digitizing of the full-scale pattern pieces used the low tech digitizing method but quickly 
moved into using higher level Photoshop and Illustrator skills to achieve the aesthetic effect 
of the distressed doublet and scenic flags. Multiple levels of digital manipulation were done 
in a specific order however this artifact could have been created using many of the other low 
tech options and the outcomes would be visually different. Likewise, the preparation of the 
digitized pattern pieces could have used all high tech methods to get to step E. The models 
are very adaptable to the user and proved multiple paths to get to a similar end.  
 
Figure 5.124. Model described using EP C2 artifact #10 as an example 
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CHAPTER 6. SUMMARY AND CONCLUSIONS 
 DTP is changing the visual language of print design for textiles and is becoming a 
viable option for expressing costume/theatrical fashion ideas. DTP has many aesthetic and 
functional characteristics that make it ideal for costuming, but DTP requires access to 
hardware, software, and DTD skills that are not common in the costume fields. The purpose 
of this study was to investigate the use of online DTP service companies in 
costume/theatrical fashion practice, to examine the impact of DTP on costume design and 
production education in postsecondary programs, and to provide models to integrate DTD 
and DTP for educators. Based on the data analysis, a taxonomy to classify the aesthetic and 
functional attributes for DTP use in costume/theatrical fashion designs was created and 
models to illustrate the integration DTD and DTP in costume/theatrical fashion design and 
production were developed. In this chapter, a summary of the study will be provided, 
implications for the results will be acknowledged, and future research will be introduced. 
Summary 
 The study was conducted in three phases. In Phase I, a trend analysis of seventy-nine 
screenshots depicting DTP use for professional costumes/theatrical fashions as promoted by 
online DTP service companies was conducted. The screenshots were analyzed using a trend 
analysis instrument developed by the researcher/designer and the audit coder. The trend 
analysis instrument identified characteristics from: (a) established visual instruments, (b) 
recognized textile print style guides, and (c) emerging traits unique to DTP. The trend 
analysis results revealed that DTP was used across a variety of costume types with multiple 
aesthetic and functional attributes. The results also show that DTP was used to produce prints 
that are both visually similar to traditional print methods and identifiably unique to DTP 
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methods. The leading attributes in table 4.2 show online DTP service companies were 
promoting DTP use for repeat and engineered surface designs with conventional motif 
subjects in a variety of scales and complexities. The repeat designs ranged from simple single 
block repeat tiles to multiple complex seamless tossed repeat tiles, and the engineered surface 
designs ranged from placement prints within pattern piece shapes to repeatless yardage. The 
trend analysis results did not reflect DTP scholarly perceptions of engineered prints, trompe 
l’oeil effects, and unlimited colors as the major aesthetic reasons to use DTP. 
While the trend analysis was in its coding stage, twelve costume educators were 
interviewed. The costume design and costume production educators were from post-
secondary academic institutions that offer various costume degrees and have diverse 
makerspace prominence. The semi-structured interview questions asked about the educators’ 
academic and professional background, ideal costume design process and technology use, 
perceptions of DTP, students’ use and perception of technology, and their program’s 
strengths and weaknesses. Educator responses were analyzed using grounded theory to code 
and group emerging themes. The major themes to emerge were the educators’ perceptions of 
DTP in costuming, the benefits and limitations of DTP, costume design and production 
processes, access to digital technologies within and outside of academic programs and 
institutions, perceptions of students’ digital literacy and technology acceptance, and 
pedagogical perspectives to student preparation for the costume industry. 
 The DTP theme categories and subcategories were compared to the results from the 
trend analysis and synthesized to create a taxonomy of DTP attributes. Sixteen costume 
artifacts, within three EP series, were directed by the taxonomy and were built using various 
levels of technical integration. Boehm’s (1988) Spiral Model was applied to each EP series 
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and the model’s iterative reflective process forced to exploration of multiple alternate 
solutions. The design and production process steps for each DTP artifact were documented 
using written and visual methods; the steps were discussed in this research and presented in 
an online exhibition to communicate DTP innovation and promote DTP acceptance.  
In order to integrate DTP and DTD across multiple levels of technologies, both a 
costume production model and a costume design model were developed. The models 
incorporated conventional costume/theatrical fashion design and production process methods 
with digital process methods ranging from low to high tech. The sixteen artifacts were used 
to test the taxonomy and were used as examples for the proposed models. 
Significance and Implications 
The rise of digital technologies within costume, textile, and fashion design practice 
suggests that higher education programs must integrate the teaching and learning of these 
technologies to best prepare students for their profession (Britt & Shaw, 2015). Compared to 
DTP, CAD rendering, laser cutting, and 3D printing are more readily accepted in costume 
programs because of the relative ease of access. Many educational programs are relying on 
the students’ digital skills and technical equipment for CAD rendering and are using 
academic makerspaces to support laser cutting and 3D printing. As the usage of makerspaces 
increases, the acceptance of technologies housed within makerspaces will continue to grow. 
Currently only a few academic makerspaces have DTP technology; most academic access to 
DTP is found within fashion and textile programs therefore it behooves costume programs to 
increase interdisciplinary connections. As costume programs assess their technological 
priorities, justification of their technology needs will be important for receiving departmental 
or institution wide grants and technology initiatives. This study, along with other DTP 
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studies, can provide support for the need to integrate DTP based on the trends of the costume 
industry and validation for how to integrate DTP based on educator perspectives. 
Even though online DTP service companies are available to all, this study revealed 
that DTP is being used in the costume industry more frequently than in costume education. 
Of the educators interviewed, a few were unaware of DTP technology or how to access it, 
some did not think it was worth the investment of time to learn it or were fearful to try it, and 
others are championing for everyone to use it. Given the level of DTP innovation and 
perceived lack of accessibility to DTP technologies, more than 70% of the educators 
interviewed were not using or teaching DTP.  
The few educators, who were using or teaching DTP, taught themselves how to 
digitally design and prepare files for online DTP service companies. Only one educator had a 
textile printer in-house that they received from a grant while two others were currently 
writing grants to obtain digital textile printers for their departments. At least four more 
participants recognized Spoonflower as a DTP service company that they or their students 
had used, yet Spoonflower did not have any pictorial evidence of costume on their website 
and thus was not included in the trend analysis.  
 Online DTP service companies are an affordable convenient solution to DTP access. 
As the limitations of fabric types and file size are lifted and user’s digital knowledge 
increases, it is likely that the rise in the use of DTP service companies will continue. 
Currently some fashion programs are considering using DTP service companies over having 
their own because of the reduced issues of cost, maintenance, updates, and training 
(Plummer, Baytar, and Sanders, 2017). Online DTP service companies should continue to 
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capitalize on strengthening the collaboration with costume practitioners to include costume 
educators and students. 
The review of literature identified specific aesthetic and functional DTP attributes, 
which did not completely align with the results from the trend analysis and the educator 
responses. None of the educators had designed engineered prints using digitized pattern 
pieces, yet engineered prints were recognized as one of the most significant attributes of 
DTP.  
If DTP is to be more widely accepted, it must fit the criteria according to Rogers’ 
Diffusion of Innovation Theory and Davis’ (1989) Technology Acceptance Model. 
According to Roger’s (2003) definition of innovation, educators agree that DTP is considered 
an innovation, however the degree to which it is “perceived as better than the idea it 
supersedes” is arguable. The fear or the technology, degree of complexity, and low level of 
trialability has kept many educators from considering or experimenting with DTP. Rogers’ 
(2003) states that observability is needed to provide visible results of an innovation to 
stimulate discussion and promote adoption. This study provides visible results of DTP and 
presents the innovation in a manner with the intent that DTP will be perceived as useful and 
easy to use.  
This study also provides practical methods for accessing DTP and proposes models to 
integrate DTD and DTP into current costume/theatrical fashion design and costume/theatrical 
fashion production models. This study has implications for costume, fashion, and textile 
education and promotes interdisciplinary approaches to strengthen the justification for 
technological investment. The rise in academic and community makerspaces and online DTP 
service companies has democratized technology for costume, fashion, and textile practice. 
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However, many other disciplines would benefit from increased access to digital technologies 
and digital knowledge sharing.  
Future Research 
 This study focused on online DTP service companies, costume educators, and the 
designing and building of EPs. This study identified DTP as the emerging technology for 
costume design but future studies could investigate other current or emerging technologies 
such as wearable electronics, body scanning, and 3D rendering. These technologies have 
seen significant changes in access to the hardware, user capabilities and shared digital 
knowledge. In addition to researching emerging technologies, a deeper investigation into the 
progress and use of makerspaces could provide a clearer understanding of the pathways for 
integrating emerging and future technologies. 
 The trend analysis instrument developed for analyzing DTP trends in 
costume/theatrical fashion design could be used, modified, or tested on various DTP artifacts. 
Investigating DTP use in interior design, fashion design, and textile design to validate the 
aesthetic and functional attributes could further develop the trend analysis instrument and 
refine the taxonomy. Investigation into DTP use for in-house printers, rather than online DTP 
service companies  could also provide reliability to the instrument and the taxonomy. 
 The interviews in this study were conducted with costume design and production 
educators who may or may not use DTP. A focused study could interview costume 
practitioners and educators who were using DTP to gain insight on specifically how they 
were using it. Contrarily, interviews could be done with those who were not using DTP to 
further understand the reasons why DTP was not being used. Furthermore, the EPs could be 
focused in terms of design or production. A future study could use costume designers’ 
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renderings and investigate the process of how a costume technician would produce digital 
textile prints for them. Another could use the same costume designers’ renderings and 
investigate the experience of working with the design assistance from DTP service 
companies. 
The results of future studies could provide greater insight into the use of 
online DTP service companies for costumes/theatrical fashion, the perception and use 
of DTP in costume education, the categorizing of DTP attributes in the taxonomy, 
and the practical DTP methods for the proposed models. Although the taxonomy and 
models are limited and are not generalizable, they could be used by scholars for a 
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APPENDIX A: RESEARCH QUESTIONS AND METHODS 
 
Research Question 1 
 
Objectives Method 
1. How are DTP 
service companies 
(bureaus) used by the 
costume/ theatrical 
fashion industry?  






costume types of 
digital textile 
design used in the 
costume/theatrical 
fashion industry 
by designers who 
use DTP service 
companies 
(bureaus)? 




their websites  
 
• To create a taxonomy 
of DTP use for 
costumes/ theatrical 
fashions  
• To investigate the 
reasons, benefits, and 
limitations for using 







• To inform the 
interviews with 
costume educators  
• Trend (content) analysis of 
pictorial examples and text of 
DTP use for costumes/theatrical 
fashion as promoted (showcased) 
on DTP service companies’ 
(bureaus’) websites 
 
• Screen shot of the websites will 
be taken, then an content analysis 
will be undertaken with a coder 




Research Question 2 
 
Objectives Method  
2. How is DTP 
currently used 
(applied) in costume 
design and production 
post secondary 
education? 
• What are the 
perceptions of 





• Analyze the use and 
perception of DTP in 
costume design and 




• Present a current 
pedagogical 
perspective of how the 
costume design and 
production processes 
are integrating digital 
• Educator interviews  
 
• Sample (participants) - costume 
design and/or production 
educators at post-secondary 
education institutions that also 
have academic 
makerspaces/innovation centers 
and/or digital apparel 
technology.  
 
• IRB approval 
 
• Consent form 
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to prepare them to 
design for and 
utilize DTP? 
 
textile design and 
printing  
• To create a taxonomy 




from answering RQ1 






• Face sheet 
• Semi-structured face-to-face or 
skype interviews lasting about an 
hour and a half 
 
• Pilot study with costume design 
educator 
 
• Interviews transcribed and coded 
with audit coder 
o Inter-coder agreement 
o Constant comparison 
 
• Reflective memos by researcher 
 
Research Question 3 
 
Objectives Method   
3. What new costume 
design and production 
process models can 
be developed through 
the creation of a 
series of prototype 
test the DTP use by 
costume designers 
and provide examples 
for academics in 
costume design?  
• How can digital 






• To create a series of 
nine prototypes or 
“experience 
prototypes” to test the 
taxonomy and provide 
examples for educators 
 
• To adapt existing 
design process models 
to accommodate 
designing digital textile 
prints in costume 
design and production. 
 
• To suggest approaches 
for theatrical fashion/ 
costume digital textile 
design directions and 
provide viable 
solutions for 
integrating DTP in 





• Using the taxonomy created in 
this study a series of nine 
experience prototypes will be 
designed and created by the 
researcher/designer 
 
• Each experience prototype will 
be documented through 
journaling, photos, steps, and 
video in order to provide 
models for educators  
 
• Each prototype will be 
analyzed for its DTP use from 
the taxonomy and will be 
presented as part of a virtual 
exhibit on a website 
showcasing photos, videos and 
documentation of the prototype 
designs and the processes 






APPENDIX B: RESEARCH PROCESS MODEL 
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APPENDIX C: TREND ANALYSIS INSTRUMENT 
 
Costume Identification 




b) Type of Costume • Period/Historical 
• Modern/Contemporary 





• Other (Fututristic, Cosplay, Apocalyptic) 
c) % of Costume that utilizes DTP  
 
Visual Elements (Aesthetic reasons for using DTP) 
d) # of Colors  Limited <  > Unlimited  
 
e) DTP Artistic Style • Photorealistic  
• Realistic 
• Stylized 
• Illustrative (hand drawn, painted, etc.) 
• Collage 
• Other 
f) DTP Aesthetic Effects • Historic reproduction 
o Reproduce vintage print 
o Reproduce hand surface manipulation 
techniques (ex. batik) 
• Trompe l’oiel 
o Illusion of distressing 
o Illusion of garment/design elements 
o Illusion of layers 
o Illusion of body elements – tattoos on skin, 
muscle (body contouring) 
• Multiple colorways/ensemble costumes 
• Coordinate with set 
• Other 
Motif(s) 
g) Subject matter • Floral 
• Geometric & abstract 
• Pictorial & figurative 
• Conversational 







h) Motif Development 
 
• Photographed 
• Scanned existing surface designs 
• Hand drawn, painted, etc.. 
• Digitally created/manipulated using software 
• Cannot identify from screenshot 
• Other 
i) Scale & complexity Calico/ ditsy < > one motif covers whole costume 
Single simple motif < >multiple compound motifs 
j) Surface Pattern Design 
Repeat • Basic Block 




Engineered • Repeatless within yardage 
• Within pattern piece shapes 
• Across seamlines of pattern pieces 
• Pattern piece shapes dictated by motifs 
• Other 
k) Functional Reasons for using DTP 
1) High Degree of aesthetic 
specificity – effects impossible or 
extremely difficult with existing 
conventional surface design 
methods 
 
• Millions of colors 
• Extreme tonal effects and fine lines 
• Special digital effects 
• Photorealistic imagery 
• Large scale print 
• Repeatless yardage 
2) Streamlined repeatability 
 
• Lengthening life of costumes 
o Reprint digitally designed costumes 
o Replace worn out sections of non-digitally 
designed costumes 
• Duplicate costumes for swings  
• Multiple colorways for ensemble pieces 
• Multiple versions of various levels of distress for same 
costume 
3) Cost effective 
 
• Short runs possible 
• Fewer hours spent  
o Designing print 
o Manipulating fabric 
o Embellishing  
4) Time – Speed within full digital 
printing production workflow 
 
• Quick turnaround (design to print) 
• Instant digital imaging process 
o Explore aesthetic novelty 
o Higher degree of experimentation 
• Speed in reproducing surface design 
5) Increased digital access 
 
• Digital literacy 
• Digital technologies 
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APPENDIX D: INVITATION LETTERS 
 
PARTICIPANT RECRUITMENT LETTER FOR COSTUME EDUCATORS WITH 
UNIVERSITY MAKERSPACES 
Sent via email - Calling all costume educators – please consider participating in my 
dissertation research 
 
Greetings [potential participant], 
My name is Brianna Plummer and I am hoping you might be interested in being part of a 
research project I am working on. (University name) has been identified as an institution with 
a (costume design program) and a makerspace on campus plus you are also a costume 
educator/practitioner – which makes you an ideal participant. 
 
I am a costume designer with an MFA in costume production from Boston University and I 
teach textile technology as an assistant professor at SUNY College at Buffalo. I am currently 
a doctoral candidate at Iowa State University and my research is part of my dissertation. My 
focus is to investigate the use of digital technologies, specifically digital textile printing, in 
costume design practice and to examine the impact of digital technologies on costume design 
and production education in postsecondary programs. 
 
As digital technologies continue to permeate the costume profession and access to these 
technologies rise through services and university makerspaces, I am interested in 
understanding what technologies are currently being used and their perceived importance in 
costume design and production education. This study will be unique in how your input 
provides direction for the costume design prototypes phase of this research. The prototypes 
will result in proposed differentiated models for integrating digital technologies, especially 
digital textile printing, into the costume design and production process in education and 
practice. 
 
I would like to interview you about your experiences as a costume educator and costume 
practitioner. I anticipate our interview lasting 1 to 1.5 hours. If possible I would be glad to 
come to your office if that would be convenient for you or I would be able to set up a Skype 
interview. I am hoping to complete our interview before the end of the fall semester. 
 
The study will be more complete with your perspective and I hope you will participate in it. I 
am attaching the consent form to provide additional information about the study. If you are 
interested in participating or can suggest others who might be interested, please respond to 
this email or you can reach me at 781-424-8568. 
 





Iowa State University 
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PARTICIPANT RECRUITMENT LETTER FOR COSTUME EDUCATORS 
FROMCOSTUME PROGRAM WITH MASTERS DEGREE 
  
Sent via email - Calling all costume educators – please consider participating in my 
dissertation research 
 
Greetings [potential participant], 
My name is Brianna Plummer and I am hoping you might be interested in being part of a 
research project I am working on. (University name) has been identified as an institution with 
a (costume design program) and you are a costume educator/practitioner – which makes you 
an ideal participant. 
 
I am a costume designer with an MFA in costume production from Boston University and I 
teach textile technology as an assistant professor at SUNY College at Buffalo. I am currently 
a doctoral candidate at Iowa State University and my research is part of my dissertation. My 
focus is to investigate the use of digital technologies, specifically digital textile printing, in 
costume design practice and to examine the impact of digital technologies on costume design 
and production education in postsecondary programs. 
 
As digital technologies continue to permeate the costume profession and access to these 
technologies rise through services and university makerspaces, I am interested in 
understanding what technologies are currently being used and their perceived importance in 
costume design and production education. This study will be unique in how your input 
provides direction for the costume design prototypes phase of this research. The prototypes 
will result in proposed differentiated models for integrating digital technologies, especially 
digital textile printing, into the costume design and production process in education and 
practice. 
 
I would like to interview you about your experiences as a costume educator and costume 
practitioner. I anticipate our interview lasting 1 to 1.5 hours. If possible I would be glad to 
come to your office if that would be convenient for you or I would be able to set up a Skype 
interview. I am hoping to complete our interview before the end of the fall semester. 
 
The study will be more complete with your perspective and I hope you will participate in it. I 
am attaching the consent form to provide additional information about the study. If you are 
interested in participating or can suggest others who might be interested, please respond to 
this email or you can reach me at 781-424-8568. 
 





Iowa State University 
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APPENDIX E: CONSENT FORM 
 
Consent Form for Costume Design and/or Costume Production Educator 
Engineering digital technologies: A model for integrating digital textile printing in 
costume design and production education 
 
This form describes a research project. It contains information to help you decide whether or 
not you wish to participate. Research studies include only people who choose to take part, 
thus your participation is completely voluntary. Please discuss any questions you have about 
the study or about this form with the project before deciding to participate.  
 
Who is conducting this study? 
 
This study is being conducted by Brianna Plummer, PhD candidate; Department of Apparel, 
Events, and Hospitality Management at Iowa State University. 
 
Why am I being asked to participate in this study? 
 
You are being asked to participate because you are a costume design and/or production 
educator in postsecondary education. You should not participate if you are under the age of 
18. 
 
What is the purpose of this study? 
 
The purpose of this study is to investigate the use of digital textile printing(DTP) service 
companies (bureaus) in costume/theatrical fashion practice, to examine the impact of DTP on 
costume design and production education in postsecondary programs, and to provide models 
to integrate design digital textile design and printing for educators. 
 
What will I be asked to do? 
 
If you agree to participate, you will be asked to share your thoughts, experiences, and 
opinions of DTP use in costume practice and education. You may also be asked to show or 
discuss pictures of examples of costumes using DTP.  
 
Your participation will last approximately 1- 1.5 hours and will be audio-recorded.  
 
Once the data is analyzed a process known as member checking will be conducted. You will 
be asked for feedback about the investigators findings and conclusions to allow you to 
correct misinterpretations or fill omissions 
 
What are the possible risks or discomforts of my participation? 
 
No names of people or educational affiliation will be reported in the results and all data will 
be kept anonymous. However, there is the possibility that something you say might be 
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attributed to you or your affiliation based on context. Again following the interview, you will 
be provided the opportunity to make corrections or remove any information that may be 
harmful to you or others. 
 
What are the possible benefits of my participation? 
 
You may not receive any direct benefit from taking part in this study. I do hope that this 
study will lead to a better understanding of digital textile print use in costume practice and 
education and offer models on how digital textile print can be more easily integrated into the 
costume design and production process. 
 
How will this information I provide be used? 
 
Audio versions of your interview will not be shared with external parties. The information 
you provide will be transcribed, reviewed, and coded by the investigator and used to 
complete research for a doctoral dissertation, potential conference presentations, and 
potential publication. 
 
What measures will be taken to ensure confidentiality of the data or to protect my 
privacy? 
 
Records will not be made publically available. However, federal government regulatory 
agencies auditing departments of Iowa State University, and the ISU Institutional Review 
Board may inspect and/or copy study records for quality assurance and analysis. These 
records may contain private information. 
 
The following measures will be taken: 
• Your name and affiliation will be known only to the authors of this study. 
• Other identifiers (programs, academic affiliations, etc.) will be made vague. 
• Interview transcripts and the key code for your assigned pseudonym will be kept in a 
password-protected file. 
• Recordings of your interview will be destroyed within 3 years of the completion of 
the study. 
The member check will allow you to redact any information you consider too private or 
sensitive. 
 
Will I incur any costs or be compensated for participating? 
 
You will not have any costs from participating in this study. You will not be compensated for 
participating in this study.  
 
 
What are my rights as a human research participant? 
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Participation in this study is completely voluntary. You may choose not to take part in the 
study or to stop participating at any time, for any reason, without penalty or negative 
consequences. You can skip any questions that you do not wish to answer. 
 
If you have any questions about the rights of research subjects or research-related injury, 
please contact the IRB Administrator, (515) 294-4566, IRB@iastate.edu, or Director, (515) 
294-3115, Office of Responsible Research, 1138 Pearson Hall, Iowa State University, Ames, 
Iowa 50011. 
 
Whom can I call if I have questions about this study? 
 
You are encouraged to ask questions at any time during this study. For more information, 
please contact Brianna Plummer at (781) 424-8568 or supervisors 
 
Consent and Authorization Provisions 
 
Your signature indicates that you voluntarily agree to participate in this study, that the study 
has been explained to you, that you have been given the time to read the document, that your 
questions have been answered satisfactorily, and whether to allow photographs of costumes. 
You will receive a copy of the written informed consent prior to your participation in the 
study. 
 
Participant’s name_________________________________Date: _________________ 
 
 
_______________________________            ___________________________________ 















APPENDIX F: FACE SHEET AND BACKGROUND INFORMATION 
 
Interview information (to be filled out by the interviewer): 






2. Year of birth: 
3. Ethnicity/race: 
4. Current zip code: 
5. Highest degree earned: List all disciplines with all awarded degrees: 
Background information: 
6. Years of industry experience as a costume designer/ costume technician/ draper/ 
etc…List all positions held: 
Are you currently active in the industry? At what capacity? 
7. Years of teaching experience in costume design/production: 
Courses taught: 
8. Years of total teaching experience (including costume design/production): 
 List all other disciplines taught: 
 List other courses taught: 
9. How many costume students does your department have? Undergrad/grad 
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APPENDIX G: INTERVIEW PROTOCOL FOR COSTUME EDUCATORS 
 
Background Questions 
1. Do you identify more as a costume designer or a costume technician? Or both? Can 
you explain why? 
2. How did you become a costume designer/technician? 
3. Can you describe your IDEAL costume design process? 
4. At what stage in the design process do you select your textiles? And how do you 
select them?  
o Can you describe any successes or challenges in this stage of the process? 
o What surface design techniques do you use? When do you use them and why? 
5. What types of digital technologies, if any, do you use in your costume 
design/production process? And how do you use them? Are there emerging 
technologies that you would like to use and why? 
Costume and digital textile printing  
6. How would you define digital textile printing? 
7. What are your thoughts about DTP and the costume industry? 
o For what reasons do you think DTP is being used in the costume design 
industry? Do you see benefits? Limitations? Potential? Challenges? 
8. Have you used as DTP as a costume professional or costume scholar? 
o What was your training like? 
o Do you feel as though you used the technology to its full potential? 




Current Costume Department 
9. Please explain your role as a costume educator 
10. Is there a theatre in residence? Explain how it operates 
11. Describe your university’s costume department 
o What is the relationship between costume design and costume 
production/technology? 
o Are costume students required to take courses outside of the costume 
department – fashion, textile, art, or design? 
o Does your department teach digital textile design as a surface design 
technique? What other surface design techniques are taught at your 
university? What do you feel are the main reasons for teaching surface design 
techniques?  
12. Describe any interdisciplinary work your costume department colleagues and/or 
students have with other disciplines at your university?  
Educational costume design and production process and technology 
13. What types of digital technology, including DTP, does your department use in 
teaching the costume design and production process? What specific software, 
equipment, etc is taught and in what types of courses 
o Are these technologies housed within the department, within the university’s 
makerspaces, innovation labs, or digital apparel technology labs or off-
campus within service companies? 
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o How do your students gain access to these technologies and the knowledge to 
use them? What do you feel is the students’ perception is on using them? 
14. How is your costume department successfully preparing students to work in the field 
of costume design and/or production? Are there areas of concern or areas for 
improvement? 
 
Summary question (15 or 16 based on previous answers) 
15. If you are currently integrating DTP in costume design and production education are 
what are the challenges, successes, and suggestions you would like to share? 
16. If you are not currently integrating DTP in costume design and production education, 
are you considering it? If yes, what suggestions could you make to promote DTP use 
in your program? If no, can you explain why? 
 
Final questions 
• Is there anything else you would like to add about DTP use in costume design and 
production education? 
• Is there anything I did not ask that you would like me to know? 
• Do you have any questions for me? 
• Is it ok to email follow-up questions or for clarifications?  
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APPENDIX I: CODING GUIDE 
Practitioner/Educator identification 
• Costume designer 
• Costume technician 
• Both costume designer and technician 
 
Educator’s supporting practice 
• Wearable art line 
• Exhibition 
• Resident designer 
• Freelance designer 
• Costume shop supervisor 
 
Factors influencing him/her as a designer 
• Education/ Training 
• Art history 
• Scene design 
• Acting on the stage 
• Fashion design 
• Fashion history 
 
Personal costume design process 
• Ideal – time, money, collaboration 
• Design research 
• Fabric sourcing/ swatching  
o At certain stages of the process 
o Challenges of sourcing 
• Surface design techniques/ Fabric manipulation  
o Analog methods 
o Digital methods 
• Use of digital technologies 
o Inspiration, resources 
§ Websites, virtual galleries 
o Sketching methods 
§ Tablets, software on computers, hybrid 
o Management methods 
§ Excel, tables, etc. 
• Costume tracking and plots 
• Fitting and notes 
o Communication 
§ Skype, facetime face to face, real time 





Digital Textile Printing (DTP) 
 
• DTP perceptions  
o reasons for use in costume  
o not being fully embraced 
o not being used  to its potential 
•  
• DTP Advantages 
o Saves time  
o Saves money 
o Controlling fabric aesthetics 
§ Create visual depth 
o Period appropriate prints 
o Evolving ease of use 
o Provide more options than local fabric source 
o Enable creative exploration 
 
• DTP Limitations 
o Lack of resources 
o Lack of justification for investment 
o DTP limitations - time frame-changes to concept late in rehearsal schedule 
o None (for now) 
 
• DTP service company advantages 
o Affordability 
o Repeat tools  
•  
• DTP-Tech Hack 
 
Costume Program 
• Both design and production/technical 
• Theatre in residence  
o Operations/ process 
o Student run production 
o Student preparation 
 
• Courses 
o Design, construction, technology 
o Surface design 
§ Analog methods 
§ Digital methods 
• Perceptions of students and technology 
o Initial student computer knowledge 
o Encourage students to use CAD 










• Websites (wix, squarespace) 
§ Other technologies 
• Laser cutter 
• LED 
• 11 X 17 office printer 
o Within the university – makerspaces etc 
§ No DTP access 
§ Laser cutters 
§ 3-D printers 
§ CNC cutters 
 
• Students use of DTP 
o Exposing students to DTP 
§ Use of online DTP service companies 
§ Benefits to students 
o Printed half scales 
o Small scale repeat prints 
o Single large scale artistic flat textiles for capes and robes 







APPENDIX J: TAXONOMY OF DTP ATTRIBUTES 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
High degree of aesthetic specificity 
❖ Millions of colors    ü   ü ü   ü ü ü ü ü ü 
❖ Tonal effects & fine lines ü ü  ü   ü ü ü ü ü ü ü ü ü ü 
❖ Special digital effects ü    ü  ü ü  ü ü ü ü ü ü ü 
❖ Large scale print      ü        ü ü ü 
Instant digital imaging process 
❖ Aesthetic experimenting  ü     ü ü ü ü  ü  ü ü  
❖ Aesthetic novelty ü ü  ü   ü ü ü ü ü ü ü ü ü ü 
Layout Development 
❖ E: Repeatless yardage     ü ü     ü      
❖ E: Motif within/across    ü   ü ü  ü  ü ü    
❖ E: Motif dictates shape              ü ü  
• Set repeat layout tiles ü                
• Seamless repeat tiles ü  ü             ü 
• E: Analog placement  ü       ü        
Artistic Style 
• Illustrative   ü   ü ü ü ü    ü ü    
• Realistic ü         ü ü      
• Stylized   ü  ü ü      ü ü    






1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Motif Development 
• Hand drawn ü ü   ü ü ü ü   ü ü ü    
• Digitally manipulated ü    ü ü    ü ü ü ü  ü  
❖ Scanned photographed   ü ü     ü   ü ü ü ü ü 
Aesthetic effects: Trompe l’oeil 
❖ Illusion of distressing        ü  ü       
❖ Illusion of garment design elements ü   ü   ü  ü ü ü ü ü  ü  
❖ Illusion of body elements                 
❖ Illusion of layers, texture, weight  ü     ü ü ü ü  ü ü ü ü  
Aesthetic effects: Reproduce surface designs 
• Different colorways, scales   ü  ü ü ü ü     ü  ü  
• Hand surface manipulation    ü      ü ü      
• Vintage prints no longer available ü  ü  ü            
Time 
❖ Quick turnaround                 
❖ Speed in reproducing    ü ü         ü  ü  
Increased digital access 
• Increased digital literacy ü ü  ü  ü ü   ü ü ü ü ü ü ü 







1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Cost effectiveness 
❖ Shorter runs  ü   ü ü           
❖ Fewer labor hours spent   ü ü     ü    ü  ü  
❖ Designing print     ü ü      ü  ü  ü 
❖ Manipulating fabric                 
❖ Embellishing ü   ü  ü ü  ü  ü      
Streamlined repeatability 
❖ Ease in scaling duplicates    ü             
❖ Ease in coordinating colors   ü  ü ü       ü  ü  
❖ Ease in multiple levels of distress       ü ü   ü      
❖ Lengthening life of costume               ü  
❖ Replace worn out sections                 
❖ Reprint digital designs             ü    
❖ Duplicate costumes multiple runs           ü      
 








APPENDIX M: INTEGRATING DTD IN A COSTUME DESIGN MODEL 
 
 
